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PREFACE. 


These  can  be  no  doubt  that  an  important  movement  in  psychol- 
ogy has  arisen  in  recent  times  through  the  effort  to  approach  the 
phenomena  of  mind  from  the  experilnental  and  physiological  point 
of  view.  Different  students  of  psychological  science  will  estimate 
differently  both  the  net  result  already  reached  by  this  effort  and 
the  promise  of  further  additions  to  the  sum  of  our  knowledge  from 
continued  investigation  of  the  same  kind.  Some  writers  have  cer- 
tainly indulged  in  extravagant  claims  as  to  the  past  triumphs  of  so- 
called  Physiological  Psychology,  and  in  equally  extravagant  expec- 
tations as  to  its  future  discoveries.  On  the  other  hand,  a  larger 
number,  perhaps,  have  been  inclined  either  to  fear  or  to  depreciate 
every  attempt  to  mingle  the  methods,  laws,  and  speculations  of  the 
physical  sciences  with  the  study  of  the  human  soul.  These  latter 
apparently  anticipate  that  some  discovery  in  the  localization  of 
cerebral  function,  or  in  psychometry,  may  jeopard  the  birthright 
of  man  as  a  spiritual  and  rational  being.  Or  possibly  they  wish 
to  regard  the  soul  as  separated,  by  nature  and  with  respect  to  its 
modes  of  action,  from  the  material  body  in  such  a  way  as  to  render 
it  impossible  to  understand  more  of -the  one  by  learning  more 
about  the  other. 

Asa  result  of  some  years  of  study  of  the  general  subject,  I  express 
with  considerable  confidence  tlie  opinion  that  there  is  no  ground  for 
extravagant  claims  or  expectations,  and  still  less  ground  for  any  feai* 
of  consequences.  In  all  cases  of  new  and  somewhat  rankly  growing 
scientific  enterprises,  it  is  much  the  better  way  to  waive  the  discus- 
sion of  actual  or  possible  achievements,  as  well  as  of  welcomed  or 
dreaded  revelations  of  new  truth,  and  proceed  at  once  to  the  busi- 
ness on  hand.  It  is  proposed  in  this  book  to  follow  this  better  way. 
It  will  be  the  task  of  the  book  itself  to  set  forth  the  assured  or  al- 
leged results  of  Physiological  Psychology  ;  and  this  will  be  done  at 
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every  step  with  such  degree  of  assurance  as  belongs  to  the  evidence 
hitherto  attainable  upon  the  particular  subject  discussed.  With 
declamation,  either  in  attack  or  defence  of  the  "  old  psychology," 
of  the  '^  introspective  method/'  etc.,  one  may  dispense  without  seri- 
ous los& 

The  study  of  the  phenomena  of  consciousness  by  the  method  here 
proi)Osed  necessarily  requires  some  acquaintance  with  a  consider- 
able circuit  of  sciences  which  ai*e  not  usiially  all  alike  closely  allied. 
The  number  of  scholars  who  can  form  opinions  with  equal  freedom 
and  confidence  in  all  of  these  sciences  is  very  smalL  Moreover, 
since  all  pi^yrhu-phyaical  laws  are  supposed — as  the  very  term  indi- 
cates— to  govern  the  correlations  of  phenomena  of  consciousness 
with  phenomena  of  the  nervous  system,  a  ])ecuhar  mystery  belongs 
to  much  of  the  domain  within  which  psycho-physical  science  is  com- 
pelled to  move.  These  facts  may  fitly,  on  the  one  hand,  excite 
caution  in  the  writer ;  and,  on  the  other  hand,  excuse  him  for  many 
inevitable  failures  to  set  forth  with  perfect  definiteness  and  confi- 
dence the  conclusions  he  has  to  propose.  Much  will  be  said  that 
must  be  accepted  as  provisional,  as  only  probably  true.  Much 
room  must  also  be  made  for  conjecture  and  speculation.  What  is 
most  important,  however,  is  that  conjecture  should  not  be  put  forth 
as  ascertained  fact,  or  si>eculation  as  unquestioned  law. 

It  would  have  been  a  great  assistance  to  me  if  I  had  had  more 
predecessors  in  the  path  which  I  am  to  take.  But  with  the  ex- 
ception of  Wundt's  masterly  work  (Grundzwje  drr  physiologiivhen 
Psychologies  second  edition  in  1880),  no  one  book  has  attempted  to 
cover,  even  in  a  summary  way,  the  entire  ground.  The  number  of 
monographs,  however,  which  have  dealt  with  individual  questions 
subordinate  to,  or  part  of,  the  main  incjuiry  is  very  great.  These 
two  facts  also  render  the  attempt  at  a  general  sur\*ey  of  Physiolog- 
ical Psychology  for  readers  of  English  both  peculiarly  attractive 
and  peculiarly  difficult,  I  can  only  indulge  the  hope  that  I  have 
done  something  toward  breaking  this  path  and  rendering  it  easier 
and  more  secure,  l)oth  for  myself  and  for  others,  in  the  future. 

The  investigators  and  authors  to  whom  I  am  under  obligations 
for  material  upon  the  various  questions  discussed,  or  statements 
made,  in  this  book  are  by  no  means  all  mentioned  by  name.  Of 
course,  much  of  what  is  said  on  the  structure  of  the  nervous  svstem, 
and  on  the  phenomena  of  sensation  and  perception,  has  alreaily 
become  part  of  that  general  fund  of  facts  and  laws  which  belongs 
alike  to  all  students  of  the  subject    But  by  quoting  certain  author- 


PREFACE.  V 

ities  in  the  text,  and  by  a  few  (in  comparison  with  the  number 
which  might  have  been  cited)  references  in  foot-notes,  I  have  con- 
nected some  of  the  discoveries  and  views  of  modem  psycho -physical 
science  with  their  authors.  These  may  serve  somewhat  as  guide  to 
those  persons  who  wish  to  pursue  such  studies  still  further. 

I  am  under  particular  obligations  to  Dr.  James  K.  Thacher,  Pro- 
fessor of  Physiology  in  the  Yale  Medical  School,  for  valuable  as- 
sistance in  that  description  of  the  Nervous  Mechanism,  its  structure 
and  functions,  which  the  First  Part  of  the  book  contains.  If  I 
have  escaped  the  mistake  of  assuming  to  teach  more  than  is  really 
known  upon  this  subject,  it  has  been  in  large  measure  due  to  his 
friendly  and  skilful  guidance.  Valuable  assistance  has  also  been 
received  from  Russell  IL  Chittenden,  Professor  of  Physiological 
Chemistry,  and  Charles  S.  Hastings,  Professor  of  Physics — both  of 
the  Sheffield  Scientific  School 

The  method  and  arrangement  of  the  book  have  been  chosen  so 
ns  to  fit  it  for  use,  both  as  a  text-book  by  special  students  of  the 
subjects  of  which  it  treats,  and  also  by  the  general  reader  who  is 
interested  in  knowing  what  results  have  been  reached  by  the  more 
modem — and  even  the  latest — psycho-physical  researches. 

Geobge  T.  Ladd. 
Yale  UNrvEBSiTY,  New  Haven,  February,  1887. 
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PHYSIOLOGICAL   PSYCHOLOGY. 


INTEODTTOTIOK 

§  1.  A  CLEAB  concepiion  of  Physiological  Psychology  requires  some 
special  knowledge  of  the  nature  and  methods  of  those  two  sci- 
ences, the  results  of  whose  investigation  it  endeavors  to  combine. 
These  sciences  are,  of  course,  Psychology  and  Physiology — the  latter 
being  understood  in  a  broad  way  as  including  also  various  applica- 
tions of  the  general  theory  of  physics  to  the  functions  of  the  animal 
organism.  But  as  the  form  taken  by  this  compound  term  would 
itself  seem  to  indicate,  the  two  do  not  stand  upon  precisely  the 
same  level  in  effecting  this  combination,  whether  we  consider  the 
end  that  the  one  science  into  which  both  enter  desires  to  reach,  • 
or  the  means  that  it  employs  to  reach  the  end.  For  the  noun 
("psychology")  in  the  compound  term  may  be  said  more  particu- 
larly to  define  the  end  desired;  the  adjective  ("physiological") 
the  character  of  the  means  which  it  is  proposed  especially  to  em- 
ploy. Hence  "  Physiological  Psychology  "  can  scarcely  claim  to  bo 
an  independent  science,  or  even  a  definite  branch  of  the  science  of 
psychology  in  general  It  is  rather  to  be  regarded  simply  as  psychol- 
ogy approached  and  studied  from  a  certain — the  so-called  "  physi- 
ological " — side  or  point  of  view.  It  is  necessary,  then,  in  the  first 
place,  to  define  what  we  understand  by  the  science  of  psychology, 
and  how  it  is  proposed  to  treat  this  science  as  subject  to  the  physi- 
ological method,  and  as  approached  by  means  of  physiological  ex- 
perimentation and  researches. 

§  2.  Perhaps  the  most  common  definition  of  psychology,  up  to  the 
present  time,  has  regarded  it  as  "  the  science  of  the  human  soul." 
If  this  definition  had  always  been  given,  on  beginning  the  pursuit 
of  the  science,  only  in  a  provisional  way,  and  with  the  implied  or 
open  confession  that  it  is  the  business  of  psychology  itself  to  de- 
monstrate the  existence  of  a  particular  entity  called  "  the  soul,"  and 
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to  8bow  how  this  ontitj  is  neeileil  to  explain  the  phenomena  of  con- 
ficiousnesH,  thcu  little  vidid  objection  could  have  been  made  to 
it.  But  Kuch  has  by  uo  meauH  been  the  case.  For  example, 
one  writer  ou  the  subject  (Drbal),  at  the  very  commeu cement  of 
his  troatiso,  asserts  that  ''i)sycliolo<;:y  is  the  science  of  the  human 
soul  as  the  real  foundation  of  tlic  s|)iritual  life  ;'*  and  another  (&d- 
maun)  declares  that  **  the  subject-matter  of  |)8ycholog}'  is  the  sub- 
jective spirit/'  meauin<^  by  this  term  the  human  BouL  Objections 
have,  therefore,  been  more  or  less  fitly  and  forcefully  urge*l  against 
this  definition  as  ordiuanly  employed.  It  has  lx>en  said  that  clearly 
we  have  no  ri^lit  to  asi<tnne  anv  such  entity  as  the  soul :  and 
even  that  a  careful  study  of  all  the  phenomena — especially  by  the 
exj)erimental  an<l  physiological  methotl — does  not  comj>el  or  induce 
us  to  rotirlude  that  such  entity  exists.  It  has  been  claimed,  espe- 
cially of  late,  that  there  may  be  a  "  psychology'  without  a  soul,''  and, 
indeed,  that  this  kind  of  psychology  is  alone  worthy  of  being  con- 
sidered truly  scientific.  Further  objection  to  the  same  definition 
him  been  made  iu  other  qiiartei*s,  because  it  seems  to  regard  the 
(question  as  scuttled,  whether  man  has  not  more  tlian  our  subject  (or 
**  ground")  of  the  manifolil  plienomena  cidled  jmychical  ;  whether, 
in  fact,  ho  may  nr>t  be  the  fortunate  possessor  of  both  an  "animal** 
and  a  **r.itional"  soul,  etc.  It  would  bo  aside  from  the  course  of 
our  in(]uiri(>H  to  consider  these  objections  in  detail  at  this  time ;  or 
to  state  at  any  length  how  far  we  are  inclined  to  agix^e  with  them  and 
how  far  to  express  diswnt.  Tliey  may  all  be,  for  the  present,  set 
aside  by  stating  the  coui'si^  of  procedure  which  the  study  of  psy- 
chology from  th(?  physiological  ixnui  of  view  seems  to  us  plainly  to 
recommend. 

The  sjitisfactoiy  definition  of  any  science  is  often  one  of  the  latest 
and  most  diilicult  achievements  of  that  science.  When  such  defini- 
tion is  placed  at  the  beginning  of  an  investigation,  it  must  often 
really  include  results  reached  only  by  going  carefully  and  repeatedly 
over  the  entire  groun<l  of  the  scient^e.  In  all  such  cases  the  learner 
of  the  science  is  quite  unable  fully  to  comprehend  the  definition,  or 
to  understiind  the  i)ositions  upon  various  disputed  questions  which 
it  may  really  involve.  In  general,  then,  it  is  better  that  the  earliest 
so-called  definition  should  be  simply  a  description  of  that  class  of 
phenomena  which  it  is  pro2)osed,  as  far  ns  possible,  to  isolate  for 
puii)oses  of  incjuiry.  Tliis  remark  applies  with  i)eculuir  force  to 
psychology',  both  on  account  of  such  objections  as  those  mentioned 
above,  and  also  on  account  of  certain  difficulties  inherent  in  the 
subject  itself.  Accordingly,  it  will  serve  our  pui-j>oso  best  to  "de- 
fine '*  this  science  simply  by  ascribing  to  it  a  certain  more  or  len 
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Thusw 


onaidcr  paj-ohology   \ 
eh  tuts  for ita  priinan'  Bulijwt  of  iiivtistigntiou  fill 
liumitn  conunoufin«iw,  or  o(  tbe  sentit'iit  life  uf 
"fti-iitieiiee"  bti  emplojnl  as  preferuble  to  eou-    ' 
Urionww.  it  maat  be  luidenrtood  aa  equivalent  to  cuuiM'inuHnesB  in 
Iba  brooder  iwnw  of  tlio  Irtttcr  wonl.     Tliis  definition,  or  ratber  de- 
Mriiitioti,  pbuuly  imfUiKS  on  noquitiDlJiiicv  exjierinii-nlull^  wttli  ctr- 
bBS  pheoomnut  Uut  cannot,  eti-icij;  Hiienkiii^',  be  ddfiiiMl.    These 
•n  DwpbUMUDrivanf  oonsriousncsN  ;  anj  one  rttnnltof  nil  our  «ub-  i 
«qiMBt  innMtigatiaiiJi  will  be  to  hIiow  rs  tliat  (roiiBciDiiBuesa  nnd   I 
it*  ftiaary  pbraotneDa  cad  never  be  ileflned.     Tbe  iletiDition  of  I 
ivjiitologj'  nftA  not.  howoTor,  bo  iiDilorstooti  to  imply  Uie  real 
WMlwra  of  stir  oue  ciitily  Hunb  an  a  soul.  i 

Xrrnlfaclcas  it  wonI<l  be  verr  incouTeoieut,  not  to  any  impo»- 
•Un,  to  begin  anil  cuaLinuo  tliu  im-cstigntion  of  [iByclik'ii]  plieiiotn- 
mx,  tUKDiT  otily  roaodabnut  phraaes  tlirou;;h  fcai'  of  implyiof;  the 
ImI  vxistraon  of  itonM'  Hpiriluikl  entity  rnllMl  tbo  8oiil  or  tlio  Mind. 
Is  «mu»  Ktrl  Lbont  muuol  be  any  •ll^wrriI)tinn,  much  letia  ouy  aclen- 
tifir  atotly,  of  the  pheuomonii  of  couwiousueBa  witbout  implying 
•JDMwhat  whirb  tMgninai  u«  tn  tim  n  word  liko  tlit-se.     Li  uil  Inn- 
gv»nt*.  mid  ill  tb«)  coDfltuit  everyday  une  of  tht^ui  all.  men  iu  etatiog 
aoil  d<>*r-ribini;  tti«  pbenomenft  of  tbrir  onu  Bcntictil  lifo  i^inploy 
Rirb  U:rm%  uh  "  I  '  and  "  me,"  and  place  in  tx  kind  of  eiintniat  with 
^ta  viiirb  •illitr  lemiA  aa  "  tboii"  and  "  he  "  or  "it."     luaamuch 
*a  rx^'lbf-txin,  and  Ibo  nmumption  of  Homo  kitid  of  continnous 
(DTwiiLa!   i<U-iilily.  vntvr  tnlu  all  llivir  exponeDCf^,  and  underlie  all 
Orir  itUii<-i.%  nith  each  other  and  with  tbe  physical  world  which 
Ki.T'xHi.U  th' m,  tbey  ore  eompollnrl  to  um'  language  implying  a 
[•munrot  Bubjtx-1  tif  IIk  pl>ouomeua  of  consciousucaB.     No  ona    ' 
ddublB  iM  l0  hii  right  to  sembi?  lo  hiniBelf  the  phrnomt-na  uf  hia 
■«■  eooaenaraeHi ;  and  m  well  to  iuurril>e  certain  other  pheuom- 
•Mk  «hieh  an  not  fttthbut^d  to  himself  as  their  Bidiject,  lo  other 
mtijcrtt  («>-«aIb«l  "  porwins  "),  wliich  ho  Kuppoiicii  lo  have,  each  ODe, 
ft  ajoaaoamM^t  of  hu  own.     No  one  doubtd  that  Hum  subject  is  is 
*««rT  CBH  aoniehow  iIht  annin  with  ittwlf  from  hour  to  hour  and  (hty 
to  >Uy,  and  et«n  (mu  ti-iir  to  yi-or.     In  all  the  cnrliir  part  of  this 
fcilbtf  ti>e  word  "  luind  *'  will  bo  employed  nmply  ob  the  «i]u!va- 
hmt  erf  th*  «uf<>nf  (whi'-h  all  langiuige  ob  espreaxive  of  niiivi-raal 
agja^Vr..  .   .,.......-,1     ■•■■,'>staxiiy»)  ol  tbo  phcitimiena  of  couacioo^ 

•■nn.  .JLUltvi^r  nil  men  iucvitably  uituin   by  lb* 

■  'w  of  philomiphy),  whimwrr  ihry  »y  / 

Ilia  or  that  ;  and  whalcn-r  tboy  noder- 

1  otL^a  W  OMuui  by  uainfi  uoiihr  Lmguoge — Utui  uucli,  vaSi 
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zio  i£K/rfr,  ve  propose  ftt  first  to  include  under  the  term  * 
TLi»  U*nu  u»  preitmd  to  the  word  '*  soul,''  in  part  oat  of  concession 
Uj  the  yni}whcem  to  which  sUosion  has  alredulj  been  made,  and  in 
psrt  becsAM;  it  seems  to  admit  of  the  handling  which  it  is  proposed 
Uj  gir^  if  J  it  Mibbeqnentlv,  with  more  freedom  from  entangling  alii- 
aijO(«  with  ethical,  social,  and  rehgious  ideas.  In  other  words,  we 
wiiih  to  be^ou  and  continue  as  far  as  possible  upon  purely  scientific 
irrounds.  And  when,  subsequently,  these  grounds  are  in  part  aban- 
doned for  certain  fields  of  rational  speculation,  we  wish  to  hare  the 
coutybciion  between  the  two  kept  open  and  unimpeded. 

{  3.  In  scconlance  with  what  has  already  been  said  concerning 
the  nature  of  psyehologr,  we  may  define  rhi/siological  Psychology 
as  the  science  which  iuyestigates  the  phenomena  of  human  con- 
sciriusuesM  from  the  "  physiological  "  point  of  yiew  or  method  of 
approach.  Iiememl>enng  the  cautions  which  haye  already  been 
exjjressed,  we  may  also  say  that  it  is  the  scieuce  of  the  human  mind 
as  inyestigate<l  by  means  of  its  relations  to  the  human  physical  or- 
ganism. A  more  accurate  definition,  howeyer,  requires  that  some- 
thing further  should  be  said  concerning  the  nature  and  method  of 
that  scieuce  which  furnishes  the  adjectiye  to  our  compound  term. 
Human  Physiolo^'  is  the  scieuce  of  the  functions  (or  mo<les  of  the 
Ixjlxavior  in  its  correlated  action)  of  the  hiuuan  physiail  organism. 
As  studied  at  ];resent  it  implies  an  acquaintance  with  the  fields  of 
gHMs  and  sjKJciid  microscopic  anatomy  (histologj),  of  embryology 
and  the  geuerol  doctrine  of  development,  of  biologj*, — iucludingthe 
allied  phcuouicna  of  pluut  lifc,^-of  molecular  physics  and  chemistry 
as  related  to  the  structure  and  action  of  the  bodily  tissues,  and  of 
other  forms  of  kindred  knowledge.  It  is  only  a  relatively  small  part 
of  this  vast  domain,  however,  with  which  Physiological  Psychology 
has  directly  to  deal ;  for  it  is  ouly  a  part  of  tlio  human  organism 
which  has  any  direct  relation  to  the  phenomcua  of  consciousness. 
As  will  apjKiar  subsequently,  it  is  with  the  nervous  system  alone 
that  our  scieuco  has  its  chief  immediate  concern.  Indeed  it  might 
be  described-  though  in  a  still  somewhat  indefinite,  but  more  full 
and  complete,  way — as  the  science  which  investigates  the  correla- 
tions that  exist  between  the  structure  and  functions  of  the  human 
nervous  mechanism  and  the  phenomena  of  consciousness,  and  which 
derives  therefrom  conclusions  as  to  the  laws  and  nature  of  the 
mind. 

§  4.  Physiology  is  compelled,  from  its  very  nature  as  a  physical 
science,  to  regard  the  nervous  system  as  a  mvchaniam.  Philological 
Psychology,  inasmuch  as  it  relies  so  largely  uiH>n  physiology  for  its 
data  and  method  and  points  of  view,  is  also  required  to  consider 
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this  system  in  the  same  way.  Those  unique  relations  in  which  the 
stmcture  and  functions  of  the  nervous  substance  of  the  body  stand  to 
the  phenomena  of  the  mind  cannot  deter  the  investigator  from  as- 
suming toward  it  the  so-called  mechanical  point  of  view.  Physiology 
presents  psychology  with  a  description  of  this  nervous  substance  as 
a  vast  and  complex  system  of  material  molecules,  which  are  acted 
upon  by  different  forms  of  the  energy  of  nature  outside  (external 
stimuli),  and  by  intimate  changes  in  the  contiguous  molecules  of 
the  other  substances  of  the  body  (internal  stimuli) ;  and  which  be- 
have as  they  do  on  account  of  the  influences  thus  received,  as  well 
as  on  aooount  of  their  own  molecular  constitution  and  arrangement 
But  all  this  is  the  description  of  a  material  mechanism.  The  word 
"mechanism "  is  preferable  to  the  word  "  machine "  for  describing 
such  a  system  of  interacting  molecules  as  constitute  the  living  ner- 
vous substance,  because  we  attach  to  the  latter  word  the  mental  pict- 
ure of  something  which  has  a  certain  magnitude  and  rigidity  of 
parts  that  act  and  react  upon  each  other  in  a  palpable  way  under 
the  ordinary  laws  of  mechanics.  A  steam-engine  is  a  machine 
whose  parts  may  be  seen  to  push  and  pull  and  turn  each  other  after 
the  ordinary  fashion  of  all  levers  and  wheels.  But  the  molecules 
of  the  steam,  from  the  activity  of  which  all  the  motion  of  the  rigid 
and  ponderous  parts  of  this  machine  is  derived,  are  no  less  mate- 
rial and  governed  by  physical  law  in  their  changing  relations  to 
each  other  than  are  the  masses  of  the  machine  itself.  The  inter- 
action of  the  minute  particles  of  the  steam  falls  more  fitly,  how- 
ever, under  the  conception  of  mechanism.  Indeed,  it  is  only  as 
falling  under  this  general  conception  that  these  molecules  admit  of 
any  scientific  treatment  at  all.  Now  it  is  not  our  purpose  to  begin 
the  consideration  of  the  human  nervous  system  by  debating  the 
question,  how  completely  it  falls  under  the  conception  of  mechan- 
ism, and  whether  some  other  conception  be  not  needed  to  supple- 
ment this  when  the  unique  relations  of  this  system  to  the  phenomena 
of  the  mind  are  taken  into  account  Whatever  is  to  be  said  upon 
such  a  question  must  appear  in  its  proper  place  in  the  order  adoi)ted 
for  the  discussion  of  the  general  subject.  Phtjsiohgical  Psychology, 
however,  can  scarcely  establish  itself  at  all  unless  it  be  willing  to 
receive  from  the  proper  one  of  the  two  sciences  which  enter  into  it 
that  conception  of  tlie  nervous  system  at  which  this  science  has 
arrived  as  the  result  of  the  most  successful  modem  researches.  As 
far  as  the  nervous  system  admits  of  being  subjected  at  all  to  scientific 
treatment,  for  the  purpose  of  attaining  a  more  complete  knowledge 
of  the  nature  of  its  functions,  it  is  necessarily  considered  as  a  com- 
plex molecular  mechanism.    We  shall,  then,  receive,  in  a  grateful 
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and  docile  manner,  all  that  the  noble  science  of  haman  physiology 
has  to  teach  iis,  under  the  guidance  of  the  conception  of  a  mech- 
anism, both  dii-ectlj  concerning  the  manner  in  which  the  nervous 
matter  of  the  human  body  performs  its  wonderful  functions,  and 
more  indirectly  concerning  the  relations  in  which  these  functions 
stand  to  the  phenomena  of  consciousness. 

§  5.  Physiological  Psychology — it  is  by  this  time  apparent — par- 
takes of  the  nature  and  methoils  of  two  sciences  that  differ  widely 
from  each  other.  One  is  a  science  which  involves  introspection ; 
for  it  is  only  by  the  method  of  introspection  that  the  real  and  pres- 
ent facts  of  human  consciousness  can  be  reached.  Tlie  other  is  a 
physical  science,  and  involves  external  observation  to  determine  the 
external  facts  of  the  structure,  development,  and  functions  of  a 
physical  mechanism.  Two  sets  of  phenomena  must  then  be  exam- 
ined in  their  relations  to  each  other,  and,  so  fiar  as  possible,  the 
laws  (or  permanent  modes)  of  these  relations  pointed  out  It  is 
due  to  this  fiict,  in  part,  that  both  the  peculiar  difficulties  and  the 
l^eculiar  interest  and  value  of  psycho-physical  researches  are  so 
great. 

Iii  ever}'  science  a  beginning  is  first  made  by  ascertaining  and 
comparing  together  all  the  important  phenomena ;  the  laws,  or 
regular  modes  of  the  occurrence  of  the  phenomena  in  relation  to 
each  other,  are  then  investigated  ;  and,  finally,  certain  conclusions 
are  drawn  concerning  the  nature  and  significance  of  those  real  be- 
ings which  reason  comi)els  us  to  assume  as  permanent  subjects  of 
the  different  classes  of  phenomena.  In  its  effort  to  establish  itself 
upon  a  scientific  basis.  Physiological  Psychology  has  no  choice  but 
to  follow  essentially  the  same  method  of  procedure.  In  its  case, 
however,  as  has  already  been  remarked,  the  phenomena  which  are 
to  be  ascertained  and  compared  belong  to  two  orders  that  obviously 
differ  greatly  from  each  other  ;  and  the  laws  which  it  is  sought  to 
discover  are  laws  which  maintain  themselves  between  these  two  or- 
ders of  phenomena.  The  phenomena  of  the  nervous  system,  like 
all  physical  pheuomena,  consist  in  changes  in  the  constitution  and 
mutual  relation  of  material  masses  and  molecules.  They  are,  then, 
of  a  kind  to  be  related  to  each  other,  under  the  conception  of  mech- 
anism, inside  of  the  nervous  system  and  of  the  entire  human  body ; 
and  also,  outside  of  the  body,  to  the  various  forms  of  physical  energy 
ill  nature  which  act  upon  these  masses  and  molecules.  But  the 
psychical  phenomena  are  states  of  consciousness,  constantly  shifting 
modes  of  the  behavior  of  that  subject  which  we  have  agreed — as 
much  as  ix>ssible  without  involving  any  premature  assumptions — to 
call  the  Mind.     Still  the  above-mentioned  two  orders  of  phencnneiia 
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R  Urf^  eit«nt  related  to  each  other  ;  ihey  may,  in 

nirr^laifd  iu  a  uui<|iiR  niiiiiuer.     Tlift  rnnstnut 

relation  constitute  tiie  Inwa  (or  tbe  (liHcovrfi'^  of 

vkicb  PliTinotftgicAl  I'Hj-cholagy  tindertnkea  its  sjiciTinl  i-csoarciies. 

It  FDclMtnint  Iu  briog  the  twu  orders  nt  iibeiiomecin  Tuce  tn  Tncf!,  to 

bole  mt  tlieiu  &a  like;  Bland  thus  related  to  each  otlier.  and,  as  fiirai 

poMiblc,  to  unitn  ih^'m  in  tcmiH  of  a  tiniform  clmntctcr,  undtir  law. 

It  might  MMUu  tliat  Bitnjily  tii  atteuijit  tbti  acoomplitdimeiit  of  tho 

I  iMk  jiut  dearrilMiiI  iilionld  satisfy  all  le<^titnate  Jemfuide.     And, 

I,  no  lillla  (imbid  lins  of  Utc  bo^n  mndu  agrunst  nnr  ntlrmpt 

I  w  the  pftTt  of  •ritnllllc  iiHyohotopy  (and  how  mucU  uioce  ^vhen 

]  from  the  phj^ologictd  and  eiperimental  |)oiiit  of  view)  to 

'   proM^  fiirttirr  than  thii.     All  iiiqtiircnt  Imvo  been  warned,  not  nnly 

»jr»iti*l  iiitr;MludiiK  nii-tniiUysiail  asauuiptjons  into  the  Itcginninga 

111  jMvrhoUt^'v,  tiiil  also  against  aIlowiu(;  any  admixture  of  the  two 

ihinn^  ttifl  inTi-Kligntions  piirsuvd  by  the  latter.     Wo  have,  imioi'd, 

fiM  af^'tnl  that  me ta physical  aoRumptiaua  ah  (o  the  nature  of  loind 

^»u]d  i>r«-ji)di'?e  as  little  as  possible  oor  statement  of  psii'chologicnl 

larta  aod  la««.     But  if  tlio  n-arninp  ngainst  eo-c-iiIli>d  "  mct«]>by8ic8  " 

ha  ondentood  \o  mean  that  inquiry  must  he  atopped  when  tbe 

I  llwir  aniform  tuiides  of  rclntion  have  been  pnniuo* 

1  tbat  no  Tcntun;  munt  b«  made  tijxjn  any  discnosions  or 

lona  ref^ardiog  the  real  nature  of  tlio  eiuhject  of  tbom  all 

id),  rich  wnming  may  very  well  bo  quietly  dian-garcled. 

B  are  dtieHy  intttrwtcd  tu,  i>n  undertaking  all  itsycli illogical 

patiiiQ,  is  tbe  real  nature — the  ponnanenl  characteristics,  tlie 

■  to  Iw  o  sab«t«ntial  eiistence,  n  spiritual  unity — and  tho  ori> 

n  aad  dctUay  of  the  luind.     T»  ftaxume  as  iittk-  a-i  poMsible  con- 

(  «ll  thia,  nt  the  firtt,  is  simply  a  matter  of  wise  reserve  nud 

MU^«aiUftil  in  tbe  inlerejilji  of  M-irntiliR  itivi-»tignlion.     We  feel  no 

,    iu    annoimciay   our  int^ulinu.   ultimately,  to 

T  ennc-lHMtms  Mfm  \n  us  legitimate  and  desirable  con- 

r  ol  ihrM  Mi-cnlhil  "  meUiphysical "  inqnirii.-&     Piy- 

— no  Imh  truly  when  atudie^l  from  the  phyaioloj^cal  and  <nt> 

I  point  i)f  view — hM  ttie  undoubted  right,  and  is  under 

I,  to  euulributa  mn  much  as  [fouciblo  toward  the  roIu- 

of  ihoH!  inqnirie*.     Nor  do  obiMrvntion  luul   wide   rBodiog 

r  tbtt  Ui*  ailvoeatiia  of  "  psvcbohit^y  without  u  aoul,"  and  freed 

I  at)  mctapbysia,  ara  nt   all  certain  to   avoid    drsw)»({   i-nn* 

mj  intimlueing  illeptiniate   iw^in)|>tionB,  iipoa 

nquiriM.    In  biuf,  Phynintogicul  pKvchulogy  baa 

t  rifbt.  wfaieh  belong*  to  it  na  a  Bcdcnce,  to  introduce  wbatavcr 

■JMiititii  H  k>  tbu  uatniw  of  iniiid  ibIJow  le^ltmfttelj  Idju  \te 
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(JutcnmnoDM  of  f^ienomena  and  IftWBL  It  his  eren  a  ri^t  to  in- 
dulge in  well-fotmded  and  reaacmable  t^wcolation.  Sodi  things  are 
not  necesaarilv  objectionable  when  indulged  in  bj  anj  of  the  mcfre 
porelj  physical  adencea.  Indeed,  there  ia  not  one  of  these  acienoea 
which  woold  not  look  comparatiTelj  bare  and  mmttractiTe  if  wIk^j 
atripped  of  its  more  or  leaa  qoeetionable  inlerenoeai,  its  metaphysi- 
cal assumptions,  its  gueasinga,  and  apecolationa 

§  6.  The  remarks  immediately  foregoing  aerre  to  indicate  what 
are  the  principal  Divisions  of  this  woriL  The  F^rst  Part  will 
consist  of  a  description  of  the  structure  and  functions  of  the  Ner- 
Tous  System.  This  system  wiU  there  be  considered  under  the 
conception  of  a  mechamsm,  and  as  far  as  possible  without  any 
direct  or  indirect  reference  to  the  phenomena  of  conaciousness  as 
determined  by  introspection.  The  Second  Pkurt  will  describe  the 
various  classes  of  correlations  which  exist  between  the  phenomena 
of  the  nervous  mechanism  and  mental  phenomena.  It  will  also 
attempt  to  state  what  is  known  of  the  laws  which  maintain 
themselves  over  these  varioua  ckssea  No  attempt  will  be  made, 
however,  to  describe  and  discuss  any  of  the  phenomena  which  may 
be  classed  as  abnormal,  or  as  consisting  (so  far  as  they  are  psychical) 
in  so-called  **  disturbances  of  consciousness,"  except  when  reference 
to  such  abnormal  phenomena  is  necessary  in  order  to  explain  those 
which  are  called  ordinary  or  normal  The  phenomena  of  insanity, 
delirium,  hypnotism,  somnambulism,  ecstasy,  mind-reading,  spir- 
itualism, and  even  of  sleep  and  dreaming,  wiU  therefore  be  defi- 
nitely excluded.  The  chief  reason  for  such  exclusion  is  to  be  found 
in  a  lack  of  space,  it  being  difficult  even  to  bring  within  the  limits 
of  a  sinc^le  volume  a  sufficiently  thorouc^h  discussion  of  the  more 
ordinal;  phenomena  ^ith  which  Physiological  Psychology  is  adkd 
upon  to  (leaL 

The  various  correlations  of  the  mind  and  the  nervous  mechanism 
(of  which  the  Second  Part  treats)  may  be  conveniently  consid- 
ered under  several  principal  groups  or  classea  The  first  of  these 
includes  more  particularly  such  relations  as  can  be  established  be- 
tween the  condition  and  activity  of  the  supreme  nervous  centres 
and  the  phenomena  of  conscious  sensation  and  volition.  Most  of 
what  can  be  said  at  present  upon  this  point  may  be  summed  up  in 
the  discussion  of  the  localization  of  cerebral  function,  as  taken  in 
connection  with  the  description  of  the  automatic  and  reflex  action  of 
these  centres  considered  as  parts  of  the  nervous  mechanism.  The 
second  class  of  these  correlations  covers  all  the  phenomena  with 
which  psycho-physics  (in  the  more  precise  use  of  the  term)  attempts 
to  deal.    It  discusses  the  relations  which  exist  between  the  quality. 
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qtumtitj,  combination,  and  order  of  succession  in  time,  of  the  Tari- 
OQs  stimuli  which  act  upon  the  nervous  system,  and  the  kind,  mag- 
nitude, composite  result,  and  time-relations  of  the  mental  phe- 
nomena. Hence  the  significance  of  the  term  psnfchch-physics.  As 
Physiological  Psychology  is  ordinarily  and  legitimately  treated, 
it  includes  these  more  specially  psycho-physical  researchea  An- 
other class  of  these  correlations  covers  certain  related  phenomena 
of  mind  and  body  as  dependent  upon  age,  sex,  race,  etc. 

Besides  the  foregoing  groups,  or  classes,  certain  observations 
which  have  more  or  less  of  scientific  confirmation  and  value, 
may  be  made  regarding  the  physical  basis  of  the  feelings  and  voli- 
tions controlling  the  bodily  members,  and  of  the  higher  faculties  of 
memory,  association  of  ideas,  etc.  The  Third  Part  will  fitly  intro- 
duce, at  the  close  of  the  psycho-physical  researches,  the  presenta- 
tion of  such  conclusions  as  may  be  legitimately  gathered,  or  more 
speculatively  inferred,  concerning  the  nature  (considered  as  a  real 
being)  of  the  human  mind.  The  justification  of  the  order  and  ex- 
tent of  the  entire  discussion,  and  especially  of  the  Third  Part  as  a 
whole,  has  already  been  given  to  some  extent ;  the  rest  must  be 
left  to  the  progress  and  result  of  the  discussion  itself. 

§  7.  It  has  already  been  said  that  the  peculiarity  of  Physiological 
Psychology,  considered  as  a  branch  of  the  general  science  of  mind, 
consists  largely  in  the  method  of  its  approach  to  its  subject.  At- 
tention must  now  be  more  specifically  called  to  this  method  as 
necessarily  partaking  of  the  methods  of  the  two  sciences  whose 
researches  it  undertakes  to  combine.  The  method  of  physiology, 
which  is  in  general  that  of  external  obsers'ation  as  employed  in  all 
the  physical  sciences,  should  be  applied  only  when  supplemented  by 
the  manv  delicate  and  accurate  instruments  of  obsen'ation  now  at 
command,  and  guarded  and  checked  by  that  accumulation  of  expe- 
rience concerning  the  best  ways  of  studying  nature  and  concern- 
ing her  ways  of  working  which  the  whole  body  of  such  sciences 
has  made.  On  the  other  hand,  the  method  of  psychology  has  or- 
dinarily been  defined  as  solely  the  method  of  introspection  or  self- 
consciousness.  These  two  methods  are  obviously  very  diflferent. 
It  would  not  be  strange,  then,  if  the  science  which  finds  it  neces- 
sary to  combine  the  two  should  experience  some  special  difficulty. 
This  difficulty  has,  however,  more  often  been  exaggerated  than  ex- 
plained and  (what  is  quite  possible)  for  the  most  part  removed. 

Our  present  purpose  does  not  require  that  we  should  examine  at 
length  the  question  whether  the  introspective  method  is  the  only 
one  possible  in  psychology.  Scarcely  more  is  necessary  than  the 
statement  of  the  bearing  of  this  question  upon  the  inquiries  it 
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is  proposed  to  make.  There  should  Id  general  be  no  mjaterj  or 
arrogant  assiimptioD  about  the  use  of  such  words  as  "science"  and 
"scientific  mf  thrxl."  Science  is  nothing  but  knowledge — real,  reri- 
tiable,  and  systematic.  Scientific  method  is  nothing  but  the  waj 
of  arriving  at  such  knowledge.  Now,  although  Physiological  Fbt- 
choIo<^  brings  the  investigator  fore  to  face  with  some  of  the  most 
interesting  and  distinctive  mysteries,  it  is  not,  as  a  science,  to  be 
regarde<l  as  OHpecially  mysterioua  Inasmuch  as  its  specific  busi- 
ness U  to  ascf^rtain  and  combine,  under  definite  laws,  two  widely 
difT^F^ring  classes  of  facts  (facts  of  the  human  nervous  mechanism  and 
facts  of  human  consciousness)  it  is,  of  course,  compelled,  first  of  all, 
to  ascf-rtain  l>oth  kinds  of  facts.  The  phenomena  of  consciousness^ 
AM  prnnnrtj  fa'in^  can  bo  aacertained  in  no  other  way  than  in  and  by 
consciouHncrSft  itself.  Whatever  fault  may  be  found  with  the  so- 
called  intro8i)ective  method  in  psychology,  on  account  of  its  alleged 
inaccuracy,  lack  of  scientific  and  progressive  quality,  etc.,  from  the 
very  nature  of  the  case  no  other  way  of  ascertaining  what  the  phe- 
nomena of  consciousness  in  themselves  are  can  ever  take  the  place 
of  tho  direct  examination  of  consciousness.  And  there  is  no  way  of 
directly  examining  consciousness  but  the  way  of  being  conscious 
one's  s^^lf.  On  the  other  hand,  it  is  perfectly  obvious  to  students 
of  psychology  and  of  its  history'  (on  grounds  which  need  not  be 
8tate<l  here)  that  the  8(.uenti/lc  treatment  of  the  facts  of  conscious- 
ncHM  can  never  l)e,  to  any  satisfactory  extent,  accomplished  by  in- 
tn>spe(!tion  alone.  For  psychology,  in  order  to  make  valid  its  claim 
to  \Hi  a  H(!ieiice,  must  not  merely  display  the  alleged  facts  of  individ- 
ual ment.'il  experience  ;  it  must  treat  these  facts  analytically,  must 
resolve  tlioni  into  their  ultimate  factors,  and  trace  the  stages  of 
their  development  from  what  is  simpler  to  what  is  more  complex ; 
it  must  also  show  on  all  sides  their  connections  and  causes,  thus 
placing  the  phenomena  of  the  mind  as  much  as  possible  in  interac- 
tion witii  the  rest  of  the  worUL  It  is  because  human  physiology  can 
contribute  largely  to  such  scientific  treatment  (as  distinguished  from 
the  mere  observation,  grouping,  !md  cataloguing)  of  the  phenomena 
of  the  mind  that  it  is  entitled  to  be  considered  as  furnishing  one 
distinctive  and  fruitful  branch  of  psychological  researchea 

§  8.  The  following  statements  will,  accordingly,  be  found  to  hold 
gooil  concerning  the  method  of  Physiological  Psychology.  It  must 
employ  faithfully  the  methods  distinctive  of  both  the  two  sciences 
which  it  endeavors  to  combine.  Facts  as  to  the  structure  and 
functions  of  the  nervous  mechanism,  and  as  to  the  effect  upon  it  of 
vaiious  kinds  of  physical  energy  acting  as  stimuli,  must  be  ascer- 
tained by  external  observation.     In  general  they  must  be  aooepted 
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Vlf  tMW  eonbibntocl  fmni  tbr  iDodom  wicnceof  humnn  phjaiolog^. 
Bliw  prinuu7  Uci»  of  couM-ioiiHueiis  must  he  nwrrtjuneil  from  con- 
fadoamtm  Hwlf :  or,  alDce  tliejr  have  alrendy  been  for  a  lotig  time 
tobJMtod  to  thin  tarm  of  nbtwrvntion,  nnd  tnbiiiat'Cil,  noui}iare<l,  and 
ekanfied,  tfaer  may  bo  a£ct^{>lt■(l  fniiu  the  ncieiici;  nf  intrnopoctivo 
pmbokigjr-  Ciire  must  ho  taken,  hownver,  to  make  euro  tlint  all 
■ilaBBi)  parffibJcnl  (acts  are  reolljr  facia  ;  but  iiixiti  Ihi^  point,  agoui, 
Umtb  is  no  otiter  yny  of  mnluug  ftiin.'  thun  in  auil  tlirtiii<;h  <.-uiiscions- 
B«ak  The  principal  Uwh  aud  laferenceB  alan  of  ititrospecUve  psjr- 
liialtjgy  may  Ut  itcr<>pl«d  (at  least  in  n  itrovisional  wnj)  on  begin- 
aidg  tlio  iitttiljr  uf  Plij-aiologiiail  P«yL'holo(,'y.  The  fiuni  result  of 
fich  (tuJr  nill  iIoabtleBs  bit,  not  only  to  supplcmoiit  ami  explain. 
Lot  alsq  to  modifjr  ui')  Ronrr.l,  the  8tatemeut  of  t)it:iiu  luwB  nud  in- 
f«an<«&  But  hero,  as  in  otlier  scicDtiflc  reaeai'cli.  wo  nro  oblii^ed 
to  work  our  tny  thron^h  many  mitrtakee,  obscnritira,  and  other  ob- 
aadw,  pro^mMvely  nearer  the  complete  and  verifiuble  kuowledgo 
Nftba  truth. 

Fartbwmuic.  fnim  tbo  natare  of  tbu  cose,  Fhyeioloijicul  I'eydiol- 
ogj  takes  ila  point  of  atorting  from  the  facta  and  luws  of  pU.vsiulu^ 
1  by  tlm  tnetliotl  of  external  obwrvatioii.  This  foUowa 
jr  trotn  the  relation  In  whicli  tliu  two  acif^uces  of  pliyniuU 
ogf  niil  p^rbulugy  atand  as  entoring  into  the  proposei.1  combina> 
tkKL  Tht  cnlan^mcnt  of  our  knuwlcdgu  of  thu  latter  is  tha 
Mid  to  b*  rMcbed ;  bnt  tlic  former  ia  to  give  ua  the  war  by  wlticb, 
■kd  tfaa  gmdanca  under  which,  thu  npproimh  to  tliis  end  must  bo 
!Md«. 

It  will  alKi  bncnoMi  trndent,  in  the  conrao  of  the  following  iDvea- 
lifktiaii,  that  w«  ara  aaldoni  ur  nt-t-er  ablo  to  prucvoil  directly  with 
tte  ««it  of  oompariog  the  inunetliatc  phyaical  autecedenta  or  con- 
Nqaoftta  of  tbo  mental  pbcoomona  with  these  phooomeDa  tliein- 
•irwi  and  m  nt  drawing  coccluaiuna  at  iinc«  nil  to  tlia  lawa  by 
aWb  tlw  twn  cknMa  n(  beta  are  conneeud.  Such  inunediata  an- 
li^pdMtta  aod  con>M]nenta  sni  hid  in  tho  ineiplornblo  rcceasea  d 
tt«  liviaff  and  ntolcoilarly  activti  braiu.  It  i*  Belditm,  indeed,  that 
a«r  dinet  olwerratioft  can  approach  witliin  the  tenth,  ur  it  may  ho 
■ilUa  tktt  huudrsdtb.  nuoTo  of  wliat  gooa  on  in  thcae  recoasca  Wa 
in  <Aii{f^  to  ctaniiDi!  tba  pbynieal  phenoinitnu  from  a  grcntnr  dia- 
aaea  and  in  a  mora  indirect  way.  For  euunple,  phyucs  con  inform 
M  wbat  rwabinatinna  of  what  waw-IengtliB  of  the  vibration  of  ether 
U  OS  tb«  «7*  wban  a  oartain  form  of  niDscioaa  aenaatioD,  which 
m  anO  "yvUow  **  or  "  rad  "  or  "  blue  "  ariaca ;  phyniology  can  lo- 

rlW  pw»qaa  damanta  of  tLe  retina  upon  which  the  wavm  fall, 
w^jMiui^  mrtofthiae  aato  tha  cbonucal  cbaagea  there  proAootA. 
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and  trace  doubtfully  the  paths  along  which  the  resulting  nerrous 
impulses  rise  to  the  brain  and  diffuse  themselves  over  certain  of 
its  areas ;  psycho-physics  can  tell  approximately  the  relations  in 
which  the  varying  quantities  of  the  stimulus  stand  to  the  resulting 
degrees  of  the  sensations.  But  in  all  this  we  are  still  at  a  great  dis- 
tance from  the  enjoyment  of  those  opportunities  which  would  seem 
necessary  to  make  the  science  of  Physiological  Psychology  as  com- 
prehensive and  exact  as  could  readily  be  wished.  As  a  rule,  certain 
kinds  and  amounts  of  physical  energy,  more  or  less  definitely  meas- 
urable, are  known  to  be  acting  on  the  peripheral  parts  of  the  body, 
and  the  next  series  of  observed  facts  is  the  emergence  in  conscious- 
ness of  a  psychical  experience  quite  unlike  nil  kinds  of  physical  en- 
ergy. To  bo  sure,  Fechner*s  '  conception  of  psycho-physics  is  that 
it  treats  those  "physical  activities  which  are  the  bearers  ( TVo^er)  or 
conditions  of  the  psychical,  and  accordingly  stand  in  direct  func- 
tional relation  with  them  ; "  or  again,  "  psycho-physics  is  an  exact 
doctrine  of  the  relations  of  function  or  dependence  between  body 
and  soul — of  the  universals  that  lie  between  the  bodily  and  spirit- 
ual, the  physical  and  psychical  world.**  But  it  will  be  seen  that  of 
such  physical  activities  we  have  little  or  no  assured  knowledge  ;  al- 
though we  have  the  best  of  groimds  for  believing  that  such  activities 
exist,  and  that  they  stand  in  important  relations  under  law  with  the 
facts  of  the  conscious  psychical  life. 

It  follows,  then,  that  Physiological  Psychology  is,  pre-eminently, 
first  experimental  and  then  speculative ;  it  can  never  become 
strictly  demonstrative,  or  even  de<luctive  to  any  considerable  ex- 
tent. That  a  strictly  demonstrative  science  of  the  relations  be- 
tween the  structure  an^  functions  of  the  nervous  mechanism  and 
the  phenomena  of  consciousness  is  impossible,  we  might  argue  from 
the  most  ordinary  experience.  To  infer  from  certain  movements 
of  material  molecules  that  certain  facts  of  consciousness  musst  take 
place,  under  the  most  universal  laws  of  all  Being,  involves  a  kind 
and  amount  of  knowledge  of  which  we  cannot  even  clearly  conceive. 

In  brief,  our  proper  course  will  be,  first,  to  explain,  as  completely 
as  possible,  the  structure  and  functions  of  the  nervous  mechanism  ; 
and  then  to  set  forth,  as  fully  as  the  present  means  at  disposal  will 
permit,  the  various  relations  in  which  its  action  under  stimuli 
stand  to  the  phenomena  of  the  mind.  In  attempting  the  latter 
problem  we  shall  come  upon  a  few,  but  only  a  few,  general  state- 
ments of  fact  which  deserve  to  be  spoken  of  as  Unos  in  any  strict 
meaning  of  the  word. 

'  Elemente  d.  Psjohopbysik,  pp.  8  and  10.     Leipiig,  1860i 
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§9.  If  the  correctness  of  the  remarks  last  made  be  admitted,  the 
inquiry  may  be  raised :  What  justification  has  this  so-called  sci- 
oice  of  Physiological  Psychology  for  the  large  claims  which  it  has 
made  of  late ;  and,  indeed,  what  right  has  it  to  exist  as  a  special 
discipline  at  all?    The  full  answer  to  the  call  for  self-justification 
must  be  made  by  the  actual  achieyements  of  the  science  itself.     It 
wiU  be  better,  then,  to  leave  it  to  the  convictions  of  the  reader  when 
the  i^esentation  of  these  achievements  shall  have  been  made.    But 
even  at  this  point  an  appeal  may  be  taken  to  certain  facta     We 
bave  already  repeatedly  conceded  the  fact  that  we  are  to  investigate 
the  phenomena  of  consciousness  (that  is,  study  psychology)  by  a 
special  method  rather  than  try  to  establish  an  independent  science 
or  even  separate  branch  of  the  general  science  of  mind.     The  de- 
mand for  a  justification  is  then  reduced  to  this — Is  there  valid 
WMon  for  studying  psychology  in  tliis  particular  way  ;  for  approach- 
^  its  domain  through  the  researches  and  conclusions  of  pliysi- 
ology?    To  such  a  question  there  can  be  but  one  intelligent  answer. 
^ere  is  an  abundance  of  valid  reason. 

The  history  of  modem  investigation,  and  the  conclusions  of  the 

inodern  science  of  man,  both  physical  and  psychological,  emphasize 

the  necessity  of  studying  his  nature  and  development  as  that  of  a 

livbg  unity.     Such  science  shows  man  to  be  at  the  head  of  a  series 

^  physical  and  psychical  existences  ;  ho  cannot  be  understood  as 

hs  is,  in  his  whole  nature  and  in  his  place  within  nature  at  large, 

^tbout  taking  both  sides  of  this  living  unity  into  account.     For 

Dian  is  known  to  himself  as  body  and  mind — and  not  as  bodiless 

^int  or  a  mindless  congenes  of  movinj^  nioloculcs.    That  the  sti-uct- 

^^  and  functions  of  the  body,  especially  of  the  nervous  nioclian- 

^  and  the  activities  of  the  mind,  are  extensively  and  intimately 

^n-elated,  is  a  fact  beyond  all  doubt.     It  is  the  i)articular  task  of 

""ysiological  Psychology  to  show  in  what  mann(?r,  and  to  what  ex- 

^^t,  such  correlation  exists.     ^Moreover,  there  are  few  questions 

^ore  interesting,  from  a  philosophical  and  an  ethical  point  of  view, 

^*^an  such  as  the  following?  :  What  is  the  nature  of  mind,  (considered 

^^  the  light  of  its  correlations  with  the  body  ?  and,  Do  the  socalled 

Physiological  and  the  so-called  psychical  phenomena  belon;j^  to  one 

^'^oj^ct,  or  to  more  than  one?     But  these  and  similar  questions 

^  be  scientifically  answered  only  l.)y  giving  a  speculative  treat- 

^^ni  to  the  conclusions  of  psycho-physical  investigation. 

In  brief,  it  may  be  said  that  introspective  psychology,  important 
^  its  resultij  have  been,  and  indispensable  as  its  metliod  is,  has 
fibown  its  incompetency  to  deal  with  many  of  the  most  interesting 
inquiries  which  it  has  itself  raised.     On  the  other  hand,  psychology 
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as  pursued  bj  the  experimental  and  physiological  method  has  al- 
ready tlirown  a  flood  of  fresh  light  upon  many  of  these  inquirie& 
We  may  affirm  ^lith  Wundt,'  without  fear  of  successful  contradic- 
tion :  ''Psychology  is  compelled  to  make  use  of  objective  changes 
in  order,  by  means  of  the  influences  which  they  exert  on  our  con- 
sciousness, to  establish  the  subjective  properties  and  laws  of  that 
consciousnesa"  On  this  fact  and  on  the  real  achievements  of  the 
method  we  confidently  rest  its  claims  to  serious  and  permanent  con- 
sideration. 

'  Art  "  Ueber  psychopliyBiken  Metlioden,**  Philoeophische  Studien,  1881, 
heft  1,  p.  4. 


PART  FIRST. 


THE  NERVOUS  MECHANISM 


CHAPTER  I. 

THE  ELEMENTS  OP  THE  NERVOUS  SYSTEM. 

§  1.  Ik  all  forms  of  animal  life,  except  the  very  lowest,  the  pres- 
ence and  activity  of  a  nervous  system  constitutes  the  chief  charac- 
teristic of  their  difference  from  all  the  more  nearly  corresponding 
forms  of  plant  life.  Both  animals  and  plants  are  organisms,  and 
their  structure — regarded  as  a  whole  composed  of  an  indefinite 
number  of  material  masses  or  particles,  which  move  with  reference 
to  each  other  for  the  accomplishment  of  a  common  piece  of  work 
— may  be  considered  as  a  "natural  mechanism.''  Both  have  mate- 
rial parts  of  superior  firmness,  adapted  to  divide  off  and  to  support 
their  softer  parta  Plants,  as  well  as  animals,  are  possessed  of  liv- 
ing, and,  more  especiaUy,  of  contractile  tissue  ;  they  are  therefore 
capable  of  the  functions  of  nutrition,  of  propagation,  and  of  that 
so-called  automatic  motion  which  is  thought  to  be  a  fundamental 
property  of  protoplasm.  As  is  well  known,  science  is  not  yet  able 
always  to  distinguish  between  the  lowest  forms  of  animal  and  the 
lowest  forms  of  plant  life.  But  7iervoii8  tissue  and  its  functions 
do  not  belong  to  the  vegetable  kingdom  ;  on  the  contrary,  the  pos- 
session and  use  of  at  least  a  rudimentary  mechanism  of  nerve-fibres 
and  nerve-cells  are  found  in  most  members  of  the  animal  kingdom. 

It  is  true  that,  even  in  the  case  of  animals  which  do  possess 
a  nervous  system,  the  structure  and  functions  of  the  nervous  tissue 
are  very  closely  related  to  those  of  the  merely  contractile  tissue. 
Thus  the  muscular  tissue  of  the  animal  might  seem  to  be  a  connect- 
ing-link between  its  own  nervous  tissue  and  the  contractile  tissue 
of  the  plant  For  the  motor  nerves,  at  least,  are  anatomically  con- 
nected by  means  of  their  end-plates  with  the  contractile  substance 
of  the  muscular  fibre,  and  the  result  of  modern  experimentation, 
with  both  muscles  and  nerves,  has  been  to  make  clear  many  feat- 
nres  of  resemblance  between  them.  On  the  other  hand,  even  the 
isolated  nervous  elements,  when  subjected  to  the  same  experi- 
mental tests  as  those  which  are  used  to  determine  the  funda- 
mental properties  of  contractile  tissue,  exhibit  certain  marked 
differences  of  behavior ;  while  the  functions  of  such  elements, 
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when  combined  into  a  very  simple  neirous  system,  are  alto- 
gether unique.  Moreover,  as  tlie  nervous  system  of  the  animal 
becomes  more  elaborate  and  complex,  and  especially  as  its  central 
organs — spinal  cord  and  brain — are  relatively  developed,  other  new 
and  wonderful  functions  are  seen  to  be  connected  with  it  In  the 
case  of  the  superior  vertebrate  animals,  and  especially  of  man,  the 
significance  of  this  particular  form  of  a  physical  mechanism  be- 
comes, therefore,  vastly  increased.  Thus  the  minute  structure  of 
the  nervous  mechanism  invites  the  student  of  chemistrv,  molecular 
physics,  and  histology,  to  investigations  of  the  greatest  interest  and 
yet  of  extreme  difficulty ;  while  the  functions  of  this  mechanism 
are  so  curiously  and  intimately  connected  with  the  phenomena,  not 
merely  of  all  higher  animal  life,  but  also  of  human  consciousness, 
that  inquiry  into  them  is,  among  all  physical  inquiries,  the  one  of 
unparalleled  intellectual  interest  and  importance. 

§  2.  It  will  be  the  work  of  this  entire  treatise  to  set  forth  in  some 
detail  the  unique  functions  of  the  human  nervous  mechanism,  to 
which  allusion  has  just  been  made.  For  the  present  a  very  gen- 
eral and  somewhat  indefinite  statement  of  these  functions  must  suf- 
fice. In  general,  and  somewhat  indefinitely,  it  may  be  said,  then, 
that  the  one  great  function  of  the  nervous  system  is  to  concatenate  (or 
link  together  into  a  whole)  the  manifold  elements,  both  physical  and 
psycho-physical,  which  enter  into  the  twofold  life  of  man.  DiflTer- 
ent  and  distant  parts  of  the  body,  whether  they  belong  to  the  same 
or  to  different  so-called  systems  (as,  for  example,  the  circulatory, 
the  secretor}',  the  digestive,  the  muscular),  are  bound  together,  and 
made  to  exercise  their  functions  in  reciprocal  dependence  and  for 
common  ends,  by  the  nervous  mechanism.  The  whole  body  is  also 
linked  to  the  external  world,  and  kept  in  cither  unconscious  or  con- 
scious adjustment  to  the  changeful  play  of  its  forces,  by  the  same 
mechanism.  And  further,  the  development  of  the  mental  life,  at 
least  in  all  its  more  primitive  and  fundamental  factors,  is  mediated 
by  the  nervous  system.  For  it  is  certainly  in  connection  with  the 
exercise  of  nervous  functions  that  sensation  takes  place ;  and,  by 
development  and  combination  of  the  sensations,  all  our  ])erceptioD8 
of  tlie  so-called  "Tilings  "  of  the  external  world.  It  is  the  nervous 
mechanism  which  unites  the  entire  body  with  the  physical  stimuli 
of  the  external  world,  on  the  one  hand,  and,  on  the  other,  with  the 
primitive  activities  of  mind,  ^\^lat  relation  the  nervous  functions 
have,  and  whether  they  have  any  direct  relation  at  all,  to  memory, 
judgment,  and  the  higher  activities  of  mind  in  general,  we  do  not 
now  even  inquire. 

The  significance  of  the  above-mentioned  fimction  of  "  concatena- 
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tion,*'  so  far  as  it  concerns  the  different  and  distant  parts  of  the 
body,  might  be  illustrated  in  many  way&     Inasmuch  as  the  plant 
is  an  organism,  there  is  a  reciprocal  dependence  of  the  structure 
and  action  of  all  its  parta     But  each  part  of  the  plant  acts  directly 
and  slowly  on  only  contiguous  parts  in  effecting  tlie  distribution 
of  the  fluids,  upon  the  spread  of  which  the  life  and  growth  of  the 
plant  depend.    In  the  case  of  the  animal,  however,  an  effect  pro- 
duced in  one  part  of  the  body  may  quickly  spread  to  other  distant 
parts  by  the  mediation  of  the  nervous  system.     The  circulation  of 
the  blood  is  made  to  affect,  and  to  be  affected  by,  the  state  of  the 
skin  and  the  muscles,  the  state  of  the  respiratory  organs,  or  the 
state  of  the  mind*s  feeling  as  determined  by  the  ideas  before  the 
mind.     A  draught  of  cold  air,  for  example,  strikes  some  peripheral 
portion  of  the  body ;  the  heart  and  lungs  modify  their  activities, 
the  muscles  contract,  and  a  shudder  runs  through  the  physical 
framework  ;  the  secretions  are  disturbed,  and  the  mind  is,  perhaps, 
seized  with  a  vague  feeling  of  fear.     Such  a  complex  effect  of  the 
stimulus  of  cold  on  some  region  of  the  skin  has  been  brought  about 
by  the  action  of  the  nervous  system,  with  its  peripheral  end-organs, 
conducting  nerve-flbres,  and  nervous  centres.     Or,  again,  the  seeing 
of  some  sight  or  the  hearing  of  some  sound  is  followed  by  ideas  and 
emotions  of  shame,  or  of  fear,  or  of  joy.     A  complex  co-ordination 
of  the  muscles  then  takes  place,  so  as  to  move  tlie  limbs  in  running, 
to  give  or  ward  off  a  blow,  to  extend  the  hand  in  greeting,  to  lift 
up  or  bow  down  the  head.     In  tliis  case,  also,  the  action  of  heart 
and  lungs  and  secretory  organs  is  greatly  modified  ;  the  capillary 
circuLition  is  altered,  and  the  cheeks  are  blanched  or  reddened  ; 
the  pupils  and  lachrymal  ducts  of  the  eyes  are  moved  ;  the  verj' 
hair  of  the  head  seems  to  sympathize  with  the  state  of  the  mind. 
Thus,  changes  which  involve  the  functions  of  almost  all  the  tissues 
and  organs  of  the  body  ai*e  accomplished  by  the  mediation  of  the 
nervous  mechanism.     Unlike  the  modifications  in   expressiwi  of 
function  which  take  place  in  the  plant,  they  are  accomplished  \iih 
^liat  seems  a  practical  instantaneousness.     The  complexity  of  the 
reciprocal  changes  which  characterize  the  life  of  the  liiglier  animals 
18  due  to  the  general  functions  of  the  nervous  system  ;  the  speed 
^ith  which  the  changes  are  accomplished  is  dependent  upon  the 
laws  of  the  propagation  of  nervous  impulses  within  that  system. 

Further  illustration  of  this  general  office  of  the  mechanism  of 

nerve-fibres  and  nerve-cells  in  "  concatenating "  the  manifold  ele- 

nients  of  physical  and  psycho-physical  life  may  well  bo  left  to  the 

progress  of  our  examination. 

§  3.  The  application  of  the  term  "  mechanism  "  to  the  nervous  sys- 
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rtro:    -f  r.-.;ui  cj-i  fure^ij  '-r:*:  r.  4  *    be^n  partiallv  explnineil  ami 
jiiAtidr*  L     Wi^  LOW  les-T^/rj^  tLr  '^I'^n^ftriry  jfirts  o(  sucli  a  Bvstem 
as  •!«-!:si'i«rrv«I  fr"m  tL*:  sar^e  general  p>int  of  view  which  induces 
us  tt^  irp^J  ^'^^  t<-r:n  to  tLt-  ■•rructure  ArA  functions  of  the  entire 
system.     In  orUr  t  » il'>  thi.s.  it  is  ntf^ressanr  to  speak,  first,  of  the 
stru«*tur^'.  arj«l.  s*i-oLil.  of  the  function  nf  these  parts,  rejjarded  as  the 
fuutLimout.il  and  dLstinLruishin;;^  factors  of  a  complex  mechanism. 
Tliat  i?<  to  say.  t\Vi>  inquiries  must  Ije  mivlo  :  What  is  the  comjitm- 
tiofi  '.vt*l  f'trm  of  thos<*  uhirnate  structures  called  nervous  elements, 
into  wliich  mifTos<'opic  anatomy  analyzes  the  nervous  system  ?  and, 
What  can  such  stnictures  d*}  whi<*h  fits  them  to  act  as  parts  of  a 
••  mechanism  "  like  that  of  the  nervous  system  ?     It  is  obvious  that 
the  answers  to  these  imiuiries  lie  at  the  very  entrance  upon   the 
way  toward  a  complete  science  of  the  nervous  mechanism.     But 
even  if  the  fullest  imaginable  answers  were  already  attaineil,  much 
would  remain  to  be  done  in  onler  to  jxTfect  the  science.    Histology 
wi»uM  Miill  have  to  inform  us  preciw4y  how  the  elements  ai'e  com- 
bined into  the  manifold  organs  of  a  system.     Pln-siology  would 
have  to  iliscover  the  laws  acconling  to  which  the  functions  of  the 
••liMiients  are  modifie*!,  when  they  act  as  thus  combined.    Of  course, 
to  know  «*ompletely  the  nature,  number,  and  properties  of  ail  the 
individual  factors  of  a  mechanical  system,  and  to  know  also  pre- 
riM'lv  \\'i\\  thosf.'  fatrtors  are  combined  into  the  svstem.  as  well  as 
ho\*  tlj*ir  inodt-s  of  behavior  are  affected  ])y  such  a  combination, 
Mriiild  \i*'  to  }iav«-  a  complete  science  of  such  system. 

A  -tri/flv  d»iliu*tive  science  of  the  molecular  motion,  and  con- 
n*'t\H*'\.'!  f  ii.'"ti"n  of  the  elements  of  the  nervous  mechanism,  is.  in- 
rlf«-ii    L  roi./'i  iv.'iblf  attainment.     Ihit  it  need  scarcely  l^  said  that 
wi-  IT'-  ;■.  l'-ririif«ly  f»r  from,  not  only  tlu-  attainment  but  even  the 
rt-i  !./!.'i'i.'-  pro^Mrot  of  such  a  complete  physical  science  of  the  ner- 
V  .1. :  '.    -t.  :...     \  iH*^-  "f  the  ipiestions  raised  resjieo ting  the  st rue t- 
nc-  I.'.  {   f ...' 'i-'J.-!  "f  its  elements,  whether  e**m si. lere^l  apart  or  in 
,ir...  ,:...;' r.  .    '•  ■'■  ^  "•  aiiswored  witli  «»«imrioto  sitisfaolion.     More- 
,r-i'  '*.*'■  '■•  •■••■■  "  <'i  ly  "^lid  description  nf  the  nervous  me«.4iaiiism 
,;,  ......  .1-   .  :   :.■  r.i  *ii»:  :ir>t  to  pursue  a  s-vutwlut  different  p&th 

f,. ,...  *.*.•>   r.^iny  f -rms  of  pi.ysi^Ml  >.-:tiiot.     Thv   dinect 

.„•  .  ■  .  "  .  .  '  '.'■"-  ^i-:.-*^  of  thr  suljii;:  i-*  i::i:\\ssable  :  it  is  r^n- 

;, 1-:  '   v.-r  n:  s:  fu::  i.i:::- ::t.i*.   a::  i  •.;i.:v.;rsyLl  of  our 

,.     ,  ,- .  ■..     ■  •   ..  *■•  '..._■  •:-►-  nir-int-  of  :::t-  T::-f::.vjt::iof  :h^  nerroua 
,. .-     .:.  .-  ■iiLrr-  e^vt.'ts  -^t -i::---   :"!'...■•. ilir  ohic^rvs  which 


.  0^  r       '     '   *    '  m  m 

.1.,.'.      .:  .?N.-.,^  '  .^4  -rL'irrii'jUS  .:j!ir^t:-.s:.'  . -v « vow  m  ii» effect 


STUDY  OF  NEBV0U8  ELEMENTS.  21 

to  describe  how  these  elements  are  combined  in  the  Uving  human 
body,  and  physiology  has  like  difficulties  in  the  way  of  its  effort  to 
determine  the  functions  of  those  organs  which  are  constructed  by 
means  of  such  combination.  Only  the  beginning  of  a  theory  which 
shall  correlate  that  mode  of  molecular  motion  which  is  peculiar  to 
nervous  matter  with  other  modes  of  the  motion  of  matter  has  yet 
been  made. 

In  spite  of  the  foregoing  concessions,  a  careful  study  of  the  ele- 
ments of  the  nervous  system  is  the  indispensable  mode  of  approach 
to  the  subject  of  physiological  psychology.  It  is  these  elements 
which,  when  variously  combined,  constitute  all  the  organs  of  the 
system  ;  it  is  they  which,  when  acting  in  combination,  do  all  the 
work  of  the  system. 

§  4.  The  Elements  of  the  Nervous  System  of  Man,  as  elements,  do 
not  differ  in  any  essential  known  respect  from  those  of  other  verte- 
brate animala  Upon  this  subject,  then,  histology  with  its  micro- 
scope, and  physiology  with  its  experimentation,  can  describe  the 
nerve-fibres  and  nerve-cells  of  other  animals,  and  then  safely  draw 
certain  inferences  from  them  which  will  apply  to  the  ease  of  man. 
It  is,  however,  the  development  of  enlarged  or  of  new  organs  by 
the  combination  of  these  elements,  and  the  development  and  elab- 
oration of  function  as  dependent  upon  such  organs,  which  consti- 
tute the  difference  between  the  nervous  system  of  man  and  that  of 
the  lower  animala  It  is  here  that  histology  meets  with  its  supreme 
difficulties  and  its  most  interesting  problems  ;  it  is  here  that  physi- 
ology is  most  insecure  when  trying  to  carry  over  to  the  structure  and 
functions  of  the  human  nervous  mechanism  the  couclusiouH  which 
have  been  reached  by  experiments  upon  the  lower  animals.  On 
the  contrarv,  the  nerve-fibres  aud  nerve-cells  of  those  animals  are, 
in  most  respects,  perfectly  competent  to  tell  us  all  we  need  to  know 
regarding  the  nerve-fibres  and  nerve-cells  of  man.  In  describing 
the  constitution,  structure,  and  function  of  the  nervous  elements, 
therefore,  it  will  not  generally  be  necessary  to  pay  attention  to  the 
specific  animal  form  from  which  the  description  is  taken.  In  other 
words,  the  discussion  of  the  nervous  elements  belonjjfs  to  the  most 
general  histology  and  physiology  of  the  nervous  system. 

§  5.  The  elements  of  the  nervous  meclianism  require  to  be  con- 
sidered in  three  ways :  (1)  as  respects  their  chemical  constitution  ; 
(2)  as  respects  their  formal  structure  ;  (3)  as  res^jects  their  general 
physiological  function. 

g  6.  The  Chemistry  of  the  Nervous  System  is  of  necessity  in  an 
exceedingly  unsatisfactory  condition.  Tlie  fticts  conceruinpj  which 
perfect  certainty  is  attainable  are  very  few  in  number  ;  the  bearing 
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of  those  facts  on  our  theory  of  nenre-fuDction  is  both  slight  and 
disputable.  Physiological  chemistry  is  in  general  encompaased 
with  many  difficulties.  These  difficulties  are  not  due  simply  to  the 
complex  constitution  of  most  of  the  substances  with  which  it  has 
to  deal.  They  are  also  very  largely  due  to  the  fact  that  these  sub- 
stances are  products  of  life ;  and  living  tissue  cannot  be  at  the 
same  time  kept  in  normal  condition  and  subjected  to  the  handling 
necessar}'  for  chemical  analysis.  As  soon  as  it  is  no  longer  alive, 
or  at  any  rate  long  before  any  chemical  analysis  can  be  completed, 
the  constitution  of  such  tissue  is  changed.  However  carefully  the 
chemical  elements,  the  constituents,  which  enter  into  the  ner- 
vous substance  may  be  preserved,  their  constitution,  their  chemical 
arrangement  and  behavior,  cannot  be  preserved.  It  is  impossible 
— for  e!tample — for  the  chemist  even  to  determine  the  specific 
gravity  of  uncoagulated  blood,  "  except  by  operating  with  extreme 
expedition  and  at  temperatures  below  0^  C." 

Moreover,  the  difficulties  which  belong  to  the  chemistry  of  all 
living  tissue  are  especially  great  in  the  case  of  the  nervous  tissues. 
In  their  natunil  state  the  proximate  principles  which  com|x>se  these 
tissues  are  very  complex  and  unstable  compounds.  To  obtain  spe- 
citic  portions  or  kinds  of  nervous  substance  free  from  foreign  ingre- 
(li^uts— JUS,  for  example,  the  axis>-oylinder  of  the  nerves,  or  the  rods 
and  conos  of  the  retina— is  by  no  means  always  easy.  The  analysis 
of  such  sulwtanoe,  when  once  the  substance  is  obtained,  is  often  ex- 
tremely tinlioas  in  n^spect  to  process,  and  doubtful  in  respect  to 
rvsult.  Novorthelt^ss,  the  principal  conclusions,  which  may  be  ac- 
copttni  with  considerable  confidence  in  their  correctness,  are  as 

follows  : 

g  7,  NtTUHis  Matter  is  of  two  kinds,  called  white  or  fibrous,  and 
crrtv  or  vosioiilar.  which  differ  not  only  in  color  and  microscopic 
jitruotuiv,  but  aUi>  in  sjx^cific  granty  and  chemical  constitution. 
TUo  siHvitlo^nivity  of  the  white  nervous  matter  is  greater  than  that 
of  tlio  );ia\  IXiuilowski  '  found  the  specific  gravity  of  the  gray 
maltn  \n  mm  to  vary  fn>m  l.lV2iV27  to  1.03854  ;  that  of  the  white 
\\\'.\\Wi  Cl^»tu  I  (V^,HVi  to  l,04:W4.  Others  (as  Bostian,  W.  Krause, 
Aud  K  r»M'i»iM^  oalculato  the  mean  specific  gravity  of  the  gray  mat- 
Wr  M  ?ib»nl  MKU,  of  the  white  at  1,030-1.040.  This  difference  in 
|)«o  \>v»  :Ut  of  the  two  in  ohietly  due  to  the  difference  in  the  relative 
,^»uount  of  x\:iter  and  of  s^^lids  which  they  contain.  Of  100  parte  of 
,Meh   «txM»^  [\^^^  h\^\x\\  of  the  ox.  the  gray  matter  was  found  to  be 

•  H*,.   VI..I    \Vnii*n»l  ,  \vn»  .  y    '^41.  w  cited  bjr  Drechsel,  with  apparent 
,,.,H.tllu,  V   u»  \U\\x\Mxx\*  Uauabaoh  dw  PhyMologie.  V..  I.  p.  577.     Leipdg, 
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composed  of  81.60  parts  of  water  and  18.40  of  solids ;  the  white, 
of  68.35  of  water  and  31.65  of  solids.  The  amount  of  water  is  also 
larger  in  the  brain  of  the  young  animal  than  in  that  of  the  adult 
The  brain  of  the  foetus  was  found  by  Weisbach  to  consist  of  fi*om 
87.9  to  92.6  parts  of  water.  The  amount  of  water  entering  into  the 
composition  of  the  different  parts  of  the  central  nervous  system  is 
unequal  The  following  is  a  tabulated  statement '  of  the  facts  to 
which  allusion  has  just  been  made  : 

Pboportion  op  Wateb  in  One  Hundred  PARTa 


A«e.90to;iO. 

Age,  80  to  SO. 

Aire,  70  to  94. 

White  substance  of  the  brain 

Gray  substance  of  the  brain 

Cerebellum 

60.56 
83.36 
78.83 
73.46 
74.43 

68.31 
83.60 
77.87 
72.55 
73.25 

72.61 
84.78 
80.34 

Pons  Varolii 

72.74 

Medulla  oblongata    

73.62 

The  amount  of  water  Taries  in  the  different  regions  of  the  spinal 
cord.  Bernhardt  found  a  smaller  proportion  of  water  in  the  cervi- 
cal (73.06  per  cent)  than  in  the  lumbar  (76.04)  region  of  the  cord. 
The  gray  matter  also  contains  more  of  albumen,  lecithin,  and  lactic 
acid  than  the  white,  and  less  of  cholesterin,  fat,  and  protagon. 

§  8.  Of  the  solids  contained  in  the  matter  of  the  nerve-centres, 
[more  than  one-half  in  the  gray,  and  about  one-quarter  in  the  white, 
consist  of  certain  proteid  or  albuminous  substances.  Bodies  of 
this  general  class  are  the  only  ones  never  absent  from  the  active 
Uving  cells  ;  they  therefore  exist  in  the  primordial  structures  of 
all  vegetable  and  animal  organisms,  and  occupy  a  peculiar  place 
among  organic  proximate  principles.  Of  these  proteid  substances 
found  in  the  nerve-centres  very  little  is  as  yet  known.  Gamgeo ' 
mentions  three  such  substances — one  soluble  in  water  and  probably 
derived  from  the  gray  matter,  another  a  globulin-like  body  which 
is  dissolved  by  a  ten  per  cent,  solution  of  common  salt,  still  another 
a  myosin-like  body  which  remains  in  solution  when  a  ten  i)er  cent, 
salt  solution  of  brain  is  boiled. 

g  9.  Three  other  non-phosphorized  bodies  of  different  classes 
from  that  above  mentioned  are  found  in  neiTous  tissues  :  these  are 
Cholesterin,  Neurokeratin,  and,  more  doubtfully,  Cerebrin.     Cho- 

*  Derived  from  Weisbach's  observations,  and  found  in  Gamgee,  Physiologi- 
cal Chemistry  of  the  Animal  Body,  i.,  p.  445.     London,  1880. 

*  Ph3'siological  Chemistry,  i,,  p.  423  ;  f*(>e,  also,  the  article  of  D.  Petrowsky, 
"  Zosammensetzung  der  grauen  und  der  woissen  Substanz  des  Gehirus,"  Pdu- 
ger  8  Archiv,  vii.,  p.  367. 
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lesterin  is  among  the  most  abundant  of  the  constituents  of  the  ner- 
Yous  tissues— especially  of  the  white  matter  of  the  cerebro-spinal 
axis  and  of  the  nerves.  It  is  a  "  monad  alcohol,"  the  only  alcohol 
which  occurs  in  the  human  body  in  a  free  state.  On  account  of  its 
solubility  in  ether,  cold  or  hot,  and  in  warm  alcohol,  cholesterin 
finds  its  way  into  both  ethereal  and  alcoholic  extracts  of  the  ner- 
vous tissues.  It  is  a  non-nitrogenous  body,  crystallizing  in  beau- 
tiful white  crystals,  which,  when  separated  pure  from  its  solutions 
in  ether  or  chloroform,  takes  the  shape  of  fine  needles,  and  when 
separated  from  alcohol  takes  the  shape  of  rhombic  tablea  It  is  sup- 
posed to  exist  preformed  in  the  brain.   Its  formula  is  C,,H^^O  4-H,0- 

Neurokeratin  is  most  easily  derived  by  treating  the  medullated 
nerve-fibres  with  boiling  alcohol  and  ether,  so  as  to  extract  the  fatty 
matters  of  the  medullary  sheath  ;  in  the  place  of  this  sheath  there 
is  left,  as  a  kind  of  irregular  fi-amework,  a  highly  refractile  sub- 
stance which  resembles  the  homy  matter  of  epidermis  in  its  power 
of  resistance  to  chemical  agenta  This  substance  is  also  found  in 
the  gray  matter  of  the  nerve-centres,  and  in  the  retinal  epithelial 
cells  and  pigment  cells  of  the  choroid  ;  but  not  in  the  non-medul- 
lated  nerve-fibrea  It  contains  nitrogen,  2.93  per  cent  of  sulphur, 
and  leaves  1.6  per  cent  of  ash. 

Cerebrin  was  announced  by  Mailer,  in  1858,  as  a  non-phosphorized 
nitrogenous  body,  obtained  from  a  precipitate  from  the  brain  when 
pounded  up  with  baryta  water  to  the  consistence  of  thin  milk  and 
then  boiled.  He  described  it  as  a  loose,  white,  very  light  powder, 
destitute  of  smell  and  taste,  soluble  in  boiling  alcohol  and  ether,  but 
insoluble  in  water.  He  gave  to  it  the  formula  C„H„NO^  Thudi- 
chum  believes  that  brain  matter  contains  a  class  of  nibrogenous  bod- 
ies free  from  phosphorus,  to  which  he  gives  the  name  of  "cerebrina" 
Gramgee,  however,  thinks  it  very  unlikely  that  a  body  produced, 
like  Mailer's  cerebrin,  "  by  the  prolonged  action  of  a  solution  of 
boiling  barium  hydrate  on  so  complex  an  organic  mixture  as  brain 
should  be  a  definite  proximate  principle  of  the  unaltered  organ  ;"  * 
but  the  same  authority  admits  *  that  the  precipitate  which  sepa- 
rates itself  from  an  alcoholic  solution  of  brain  contains,  besides 
cholesterin,  protagon,  and  the  so-called  lecithins,  "a  body  for 
which  we  may  retain  the  name  of  cerebrin." 

Nuclein  was  discovered  by  Miescher  in  the  nuclei  of  pus-corpu&- 
cles  and  in  the  yellow  corpuscles  of  yolk  of  egg.  Other  observers 
subsequently  obtained  it  from  various  other  substances,  especially 
from  Uie  nuclei  of  the  red  blood-corpuscles  of  birds  and  amphibia. 

1  PhjBiological  Chemistry,  L,  p.  489. 
«lWd.,  i.,p.  433. 
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Von  Jaksoh '  thinks  he  has  discovered  nuclein  in  the  human  brain. 
His  claim  seems  to  be  credited  by  Drechsel.'  Its  formula  is  given 
as  C,,H„N,P,0,,.  But  the  very  existence  of  nuclein,  as  a  definite 
body,  has  been  denied  by  chemists  like  Worm-M  Oiler  and  Gkun- 
gee ;  and  the  analyses  of  Yon  Jaksch  do  not  agree  with  those  ob- 
tained from  other  sources  than  the  substance  of  the  himian  brain. 
The  whole  question  of  nuclein  must  then  be  left  in  doubt 

§  10.  No  other  substances  found  in  the  nervous  system  are,  how- 
ever, both  so  interesting  and  so  difficult  to  consider,  from  the  mixed 
chemical  and  psycho-physical  point  of  view,  as  certain  complex  phos- 
phorized  fat&  The  entire  progress  of  our  inquiry  will  make  it  obvi- 
ous how  inadequate  and  misleading  is  the  use  often  made  of  such 
off-hand  remarks  as  the  celebrated  dictum :  ^*  No  thought  without 
phosphoru&"  Yet  it  is  doubtless  true  that  the  highly  elaborate  and 
unstable  compounds  containing  phosphorus,  which  enter  into  the 
composition  of  nervous  matter,  have  a  significance  for  physiological 
and  psychological  researches  such  as  belongs  to  no  other  material 
bodies.  These  complex  bodies  are  especially  characteristic  of  the 
centres  of  the  nervous  system.  The  strife  of  discovery  and  of  con- 
firmatory experiment  has  been  chiefly  carried  on  over  the  following 
three  :  Protogon,  Lecithin,  and  Cerebrin.  Of  these  three,  however, 
probably  only  the  two  former  are  phosphorized  bodies.  The  main 
question  involved  in  controversy  concerns  the  relation  in  which  leci- 
thin and  cerebrin  stand  to  protagon.  Is  protagon  a  definite  prox- 
imate principle  of  the  brain,  and  are  lecithin  and  cerebrin  bodies  of 
ill-defined  properties  and  doubtful  claim  to  existence  as  proximate 
principles  of  the  brain  ?  or,  are  lecithin  and  cerebrin  definite  prox- 
imate principles,  and  is  protagon  a  mechanical  admixture  of  the 
two  ?  The  latter  view  of  protagon  has  been  held  by  Diaconow, 
Hoppe-Seyler,  and  Thudiclium  ;  on  the  contrary,  its  claims  to  the 
position  of  the  "  only  well-characterized  phosphorized  proximate 
principle  "  of  the  brain  as  yet  discovered  have  been  defended  (and, 
it  may  be  said,  apparently  established)  by  the  researches  of  Gam- 
gee  and  others. 

Protagon  was  discovered,  as  a  new  proximate  principle  that  can 
be  separated  from  tlie  brain,  in  1864,  by  Dr.  Oscar  Liebreich  ;  his 
discovery  was  announced  in  a  paper  '  published  in  18G5.  This  in- 
vestigator gave  to  this  substance  the  name  which  it  still  beai's,  as 

'See  article  **Ueber  das  Vorkommen  von  Nuclein  im  Menscliengehirn,  ' 
Pfluger's  Archiv,  xiii.,  p.  469. 

•  In  Hermann's  Handb.  d,  Physiol.,  V.,  i.,  p.  578. 

*  *•  Ueber  die  cbemische  Beschaffenheit  der  Gehirnsubstanz."  Annalen  der 
Chemie  und  Pharmacie,  cxxxiv.,  pp.  29-44. 
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in  his  opinion  the  first  to  be  definitely  ascertained  among  the  spe- 
cific constituents  of  the  brain  (s-porrayos,  leading  the  van).  He  as- 
signed to  it  the  formula  C,,,H,^,N^O„P.  In  spite  of  subsequent 
denials  and  disproofs  of  its  existence,  the  extremely  careful  and 
often-repeated  researches  of  Ghungee '  and  Bkmkenhom  have  cor- 
roborated the  discovery  of  Liebreich.  The  process  by  which  pro- 
tagon  is  obtained  from  the  brain  may  be  thus  briefly  described  (the 
description  will  serve  to  illustrate  in  general  the  processes  of  physi- 
ological chemistry) :  Perfectly  fresh  ox's  brains  are  freed  from  the 
blood  and  membranes,  and  are  then  digested  for  about  a  day  in 
eighty-five  per  cent  alcohol ;  from  this  fluid,  when  filtered,  a  quan- 
tity of  white  flocculent  precipitate  is  obtained,  and  the  cholesterin 
and  other  bodies  soluble  in  ether  are  dissolved  out ;  from  the  sub- 
stance left  undissolved,  when  dried  and  reduced  to  powder  and 
digested  for  many  hours  with  alcohol,  and  then  filtered  and  cooled, 
microscopic  crystals  separate  themselves,  arranged  for  the  most  part 
in  rosettes.  The  substance  thus  crystallized  is  protagon.  It  is  con- 
Hidereil  by  some  chemists  the  easiest  to  obtain,  and  indeed  the  only 
very  well-established  phosphorized  proximate  principle  of  the  brain. 
Such  a  material  substance  is  indeed  a  long  way  removed  from  the 
living  nervous  moss,  with  its  capacity  for  exercising  such  marvel- 
lous physiological  and  psycho-physical  functiona  But  it  is  the  best 
n'pn'Ht'ntntive  that  chemistry  con  as  yet  present  of  a  scientific  result 
u|H>n  which  to  base  any  attempt  to  point  out  definite  relations  be- 
twtH*n  pKyoliioal  activities  and  the  chemical  constitution  of  those 
iH>in[tl(«x  phiniphorizcd  fats  which  exist  in  the  central  nervous 
uiiH'haniKn).  Tlie  empirical  formula  of  protagon,  as  given  by  Gkun- 
gtH\  is  (\.  JI,^,N  J*0„.  It  has  been  made  highly  probable  that  pro- 
tagtui  run  not  l)o  a  oomix)und  or  mixture  of  cerebrin  and  lecithin ;  it 
uuiy,  tht'n,  bo  announceil  as  a  proximate  principle  of  the  brain. 

lnH'ithiii  iM  an  organic  phosphorized  compound  which  exists  in 
\\kr\*\^  quantities  in  ova,  spermatozoa,  etc.,  as  well  as  in  the  nervous 
tiwMiU'H.  It  is  ilescribeil  as  a  yellowish-white,  waxy,  very  hygro- 
iMH»pio  KiUiil.  Nvhioh  in  thin  layers  shines  with  a  silky  lustre.  It  is 
m4\iM4>  \\\  vWwr  nnd  alcohol ;  on  being  stirred  with  water  it  forms  a 
ntHivh  hko  wtUitiou  diflicult  to  filter.  Diaconow  assigns  to  it  the  for- 
iuuliii\,H,,NlH\-f  H/).  Gamgee  supposes  that  the  lecithin  of  Dia- 
iHMu>w  i-i  oiiK  ono  of  a  group  of  similar  bodies  which  possess  a  higher 
|H»HH^i)tH|;v  of  i^hoMphorus  than  protagon,  and  the  **  general  smeary 
olmvHotriH  "  of  h'cithin.  We  may,  then,  speak  of  "the  lecithins'*  as 
\\^yM\\  \A\\m\A\Ki\'\t\\\  compounds  existing  in  the  matter  of  the  brain. 

'  ?W  liu  IMvv«ioKMcio«l  rheoiUtry,  i,  pp.  425-429  ;  and  article  In  the  Jour- 
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The  Tarious  products  of  the  decomposition  of  protagon  and  leci- 
thin it  is  not  necessary  to  describe.  Neurin  is  the  only  one  of 
these  products  which  deserves  for  our  purpose  even  to  be  named. 
It  may  be  obtained  from  either  protagon  or  lecithin.  Dr.  Thudi- 
chum's  elaborate  "Besearches  on  the  Chemical  Constitution  of  the 
Brain  " '  conclude  that  at  least  three  well-defined  groups  of  phos- 
phorized  bodies  may  be  separated  from  the  brain ;  these  are  dis- 
tinguished as  (1)  kephalins,  (2)  myelins,  (3)  lecithins.  The  exist- 
ence of  a  group  of  bodies  which  may  be  termed  ''  lecithins  "  has  just 
aboye  been  declared  probable.  Thudichum  thinks  that  all  these 
bodies  contain  phosphoric  acid  combined  proximately  with  glyce- 
rin, but  *'  differ  in  the  manner  in  which  they  contain  the  nitrogen 
and  the  acid  radicles  which  constitute  the  great  bulk  of  their  sub- 
stance. **    The  researches  of  Dr.  Thudichum  still  await  confirmation. 

§  11.  In  addition  to  the  substances  already  mentioned,  the  brain 
contains  certain  extractive  matters  which  are  found  also  in  other 
tissues,  especially  in  muscle.  Among  these  bodies  are  creatin, 
inosite,  xanthin,  and  lactic  acida 

§  12.  The  brain  also  contains  an  extremely  small  amount  of  inor- 
ganic matters — so  small,  indeed,  that  few  facts  can  be  relied  on 
concerning  it  The  estimates  of  this  amount  vaiy  from  0.1  to  1 
per  cent  of  the  fresh  brain.  Among  such  inorganic  matters  are 
alkaline  phosphates  and  sulphates,  chalk,  magnesia,  oxide  of  iron, 
etc.  It  is  said  that  the  ash  of  the  gray  matter  has  an  alkaline  reac- 
tion, that  of  the  white  matter  an  acid  reaction,'  and  that  tlie  reac- 
tion of  the  former  during  life  is  acid,  while  that  of  the  latter  is 
neutral  or  weak  alkaline. 

§  13.  All  quantitative  analyses  of  the  brain  are  exceedingly  doubt- 
ful ;  the  older  results  are  wholly  worthless.  The  following  table  of 
Petrowsky,*  which  gives  the  chief  organic  constituents  of  tlie  brain 
of  the  ox,  is  an  object  of  interest  rather  than  of  complete  confidence  : 


Subfttance. 

Groy  1 

ilatt«r. 
per  cent. 

White 

24.72  + 
9.55- 
9.1)0  + 

51.91- 
3.84+ 
0.57  + 

Mntter. 

Albumen  and  eelatin. , 

55.37+ 

0.58  + 

17.24+ 

18.68  + 

6.71  + 

1.45  + 

per  cent. 

Cerebrin 

Lecitliin 

Cholesterin  and  fats 

Substances  insoluble  in 
Salts 

ether 

^  Reports  of  Medical  Officer  of  the  Privy  Council  and  Local  Government 
Board,  1874,  pp.  113  ff. 

*  See  Gamgee,  Physiological  Chemistry,  i.,  p.  445;  Hermann,  Haudb.  d. 
Physiol-,  v.,  i.,  p.  677. 

'  ^'Zosammensetzong  der  grauen  und  der  weisseu  Substanz  des  Gehirns," 
PllQger's  Archiv,  vil.,  p.  867. 
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§  14.  The  specific  chemistry  of  the  elements  of  the  nervoas  sys- 
tem, or  of  the  various  parts  of  such  elements  which  histological 
science  reveals,  is  yet  more  meagre  and  doubtful  than  its  general 
chemistry.  The  micro-chemistry  of  the  nerve-cells  tells  us  simply 
that  they  are  in  the  main  protoplasmic,  and  therefore  rich  in  pro- 
teid  substances  ;  and  since  an  analysis  of  the  two  kinds  of  nervous 
matter  shows  that  the  gray  is  much  the  poorer  in  complex  phos- 
pborized  constituents  and  in  cbolesterin,  we  conclude  that  the  cells 
which  enter  so  largely  into  the  gray  matter  are  also  poor  in  the 
same  substancea  The  different  structural  parts  of  the  nerve-fibres 
have  doubtless  a  different  chemical  constitution.  This  is  proved 
by  the  difference  in  their  appearance  under  the  microscope,  by  the 
different  action  of  reagents  upon  them,  and,  to  some  extent,  by 
chemical  analysia  The  neurilemma,  or  membranous  envelope  of 
the  nerve-fibres,  like  the  sarcolemma,  on  prolonged  boiling,  yields 
gelatin.  The  axis-cylinder  appears  to  be  a  mixture  of  proteid  with 
complex  fat-like  bodies.  The  white  substance  of  Schwann  is  rich 
in  complex  phosphorized  fats,  in  cholesterin,  and  in  the  so-called 
cerebnns. 

The  researches  of  Kuhne  *  and  others — for  the  most  part  his 
pupils— have  developed  certain  interesting  results  with  respect  to 
the  chemical  constitution  and  chemicals  change  of  the  nervous  tis- 
sue of  the  eye.  Many  of  the  various  non-nervous  parts  of  the  ear 
and  the  eye  have  been  carefully  analyzed.  The  extremely  small 
amount  of  such  material  which  is  obtainable  for  chemical  analysis 
is  one  reason  why  so  little  can  be  known  concerning  the  chemical 
constitution  of  the  substance  of  the  retina.  It  is  said  to  have  an 
acid  reaction.  It  is  a  fair  surmise,  on  general  grounds,  that  it  con- 
tains the  same  bodies  as  the  central  nervous  system.  The  two  seg- 
ments into  which  the  rods  and  cones  break  up  exhibit  marked  dif- 
ferences in  their  chemical  as  well  as  optical  characters.  The  inner 
segments  are  composed  of  protoplasm  of  *'a  marvellous  transpar- 
ency." The  outer  limbs  of  the  rods  have  an  external  envelope 
which  agrees  in  its  physical  characters  with  neurokeratin.  This 
envelope  encloses  a  mixture  of  proteid  bodies  and  of  other  sub- 
stances similar  to  those  found  in  the  other  nervous  tissue& 

g  15.  If  knowledge  of  the  chemical  constitution  of  the  nervous 
system  is  so  for  behind  what  we  could  wish,  knowledge  of  the 
chemical  processes  and  chemical  changes  which  are  connected  with 
the  physiological  functions  of  this  system  must  be  declared  to  be 

1  For  a  list  of  papers  by  Kiihiie  aud  his  pupils  on  this  subjeotf  see  Gamgee, 
Physiological  Chemistry,  i.,  p.  4^2  1 ;  aud  for  an  account  by  him  of  his  re- 
searches and  their  results,  see  Hermanu,  Handb.  d.  PhysioL,  L,  L,  pp.  2^5  fL 
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almost  wholly  wanting.  Even  the  beginnings  of  scientific  general 
statements,  or  laws,  respecting  the  relations  between  the  chemical 
constitution  of  the  nervous  system  and  its  various  physiological 
activities  have  yet  to  be  mada  Different  investigators  will  doubt- 
less differ  as  to  the  prospect  for  such  discovery  in  the  future. 
When  chemistry  can  deduce  the  molecular  behavior  of  the  most 
highly  complex  chemical  compound  from  the  nature  and  number 
of  its  component  chemical  elements,  and  physiology  can  definitely 
connect  all  the  physiological  functions  of  nervous  matter  with  the 
molecular  motions  of  its  chemical  constituents,  we  shall  have  the 
means  for  a  strictly  scientific  solution  of  such  problems 

§  16.  It  need  scarcely  be  said  that  we  have  little  knowledge  re- 
specting the  relation  which  exists  between  the  chemical  constitu- 
tion and  chemical  processes  of  the  nervous  system,  on  the  one  hand, 
and,  on  the  other,  the  phenomena  of  so-called  mind. 

Nevertheless,  certain  important  general  relations  may  be  point- 
ed out  between  the  chemical  nature  of  the  nervous  mechanism 
and  its  psycho-physical  function&  The  extremely  high  organiza- 
tion and  chemically  sensitive  constitution  of  this  mechanism  are 
beyond  doubt  related  to  all  its  distinctive  functions.  Like  every 
other  natural  material  structure,  the  nervous  system  is  obviously 
adapted  to  its  peculiar  kind  of  work.  Chemically  considered,  it 
appears  as  composed  of  a  number  of  extremely  complex  and  highly 
unstable  compounda  It  therefore  holds  in  its  chemical  consti- 
tution a  large  amount  of  disposable  energy  ;  this  energy  it  yields 
readily  when  the  equilibrium  of  its  molecules  is  in  any  way  dis- 
turbed. Within  certain  limits,  it  explodes  with  increasing  Bun-en- 
der  of  its  disposable  energy  as  the  number  and  intensity  of  the 
demands  upon  it  are  increased — very  much  as  would  a  gun  which 
should  be  arranged  so  as  to  go  off  with  greater  energy  as  the  press- 
ure of  the  finger  on  its  trigger  is  repeated  or  increased. 

It  is  probable  that  the  substance  of  the  ner\'es  is  the  seat  of  a 
chemical  synthesis,  as  the  result  of  which  still  more  complex  bodies 
are  constructed  from  the  already  complex  alimentary  material  fur- 
nished by  the  blood ;  such  bodies  have  a  high  value  as  combus- 
tibles, and  thus,  as  has  been  said,  possess  a  significant  amount  of 
disposable  energy.  The  relation  of  a  supply  of  oxygen  to  the 
nerve-centres  is  also  important  to  notice.  The  nerve-fibres  require 
comparatively  a  small  amount  of  oxygen.  It  may  be  conjectured 
that  in  their  case,  as  in  the  case  of  muscle-fibre,  intra-raolecular 
oxygen  is  of  some  use  in  preparing  explosive  materials.  But  at 
present  we  must  be  satisfied  with  conjecture  on  this  point.  On  the 
contrary,  the  vascular  nature  of  the  central  organs  creates  a  pre- 
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immptioTi  thftt  th«  ch^mir&l  proceflBM  which  kiTe 
r^jnirft  an  ahnnf lance  of  oxvpen.     Experience  rocdrTn.*  ^aa*  crf« 
Kiirnption.      TTir:  renpiratonr  centre  in  the  me«liilla  ccurc^siSE  x 
chiefly  coTitroile^l  in  its  action  bj  the  amount   of  ozjz^s.  v^^ 
reaches  it  in  the  bloofl.     The  phenomena  of  conseiux^c/esB 
when  the  Anpplj  of  oxyprenated  blood  is  cut  off  from  cLe 

Aifhoii^fh  we  are  atill  in  the  dark  as  to  the  precise  sigciiiaizase  c4 
the  vii4TjaI  f  lurjile,  the  phenomena  which  the  study  of  it  Ldks  brso^Lt 
Uf  li^fht  are  su^^^frntive  of  unseen  chemical  processes  tha(  are  wti  up 
in  th<:  r^stina,  au'l  ftr>  serve  as  stimulus  for  the  fibrils  of  iLe  cf^ic 
uPTVf'.,  \u  ^^eneral  we  know  tliat  certain  sensations  are  depexxlest 
u]ttm  fTifi  chemical  c^mstitution  and  activity  of  the  twoos  esJ- 

Viiriht-r  reH#;archeH  will  undoubtedly  greatly  enlarge  our  knowl- 
$"]lft*  ttf  \\umt'.  ffirU  of  relation  which  exist  between  the  chemical 
^/iriAtitiifion  anrl  clianges  of  the  nervous  mechanism  and  the  phe- 
ri/irri^ria  of  fmychical  life.  Perhaiw  such  particular  statements  of 
Uu'i  wfiy  Ut  gathercHl  into  such  more  general  statements  of  fact, 
y*'nitn.\At:  hy  t'timnnuiui,  as  wo  consider  sufficient  to  constitute 
wuuiii'irtiWy  cHfiiblished  lait^n.  Hut  ichy  certain  chemical  constito- 
#'ritH,  wliMi  foriibinwl  and  clianged  in  definite  fashion,  should  be 
H]f«'r\i\m]\y  viiUuvrU^il  with  rerfjiin  conscious  experiences  will  always 
ri'riiMiti  iin  iiiiiinHWcrfibhf  iii(|iiiry. 

i  17.  rnrii  tho  chctiiirfil  couHtitution  of  the  elements  of  the  ner- 
voim  HVHtf'iu  \\r  now  piiHS  U}  their  Structural  Form.  The  science 
uliicli  niuHt.  1m)  (Mir  giii'h)  iH  no  longer  chemistry,  but  microscopic 
iiniitnniy,  or  liiHiology;  ihiHWMcnro  furnishes  us  with  a  large  amount 
of  tniHtu'oHliy  information  mingled  with  a  still  larger  amount  of 
rdiijrftnn*  fiml  doubt.  Kvrn  the  number  of  those  elements  upon 
uliirh  liiHtttlngy  JH  ontitlcd  to  fcKUiH  its  niicro8co|)e  and  declare  that 
iiiicli.  iukI  no  ollirrH,  urn  rapablo  of  |M'rfonmng  distinctively  ner- 
v(MiH  fnni'tinuH  run  M^arrrly  In>  Haid,  as  yet,  to  be  placed  beyond  all 
(i'liiht  ;  neither  run  it  be  eliiimed  that  the  microscope  hasyetdem- 
iinritnit(*il  tlie  ultinmte  htrueturo  of  those  two  species  of  such  ele- 
niiiitii  the  reality  of  whoso  nervous  functions  is  beyond  doubt 

it  iM  eniitninnrv  to  h|M>ak  of  nerve-tibrcs  and  gangUon-cells  as  the 
(»nl\  Mrttetnnil  elmients  of  the  nervouH  Hvstcui.  If,  however,  by  the 
term  "  |Miii;',h(»n-(*eII  "  \vi«  intend  only  such  Ixxlies  as  histology  usu* 
fill\  ih'NiTilw'H  under  tluH  type  (for  example,  the  so-called  motor 
fftuiiihdn  ei'lU  of  the  Npiniil  ooi\l)  the  limitation  is  without  sufficient 
\\!irnuit  For  thi*re  iiri«  many  cells,  which  almost  certainly  have 
Kome  Ni)^nUieanee  un  piu'tn  of  the  nervous  system,  that  differ  in 
fi»rm  vi>rv  niilely  fiH»m  the  typical  guiigUon-celL     Moreover,  by  such 
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an  off-hand  twofold  division  the  important  question  is  often  silently 
passed  bj :  What  is  the  significance  for  the  nervous  functions  of  that 
diffuse,  finely  granular  substance,  found  in  considerable  quantity  in 
the  great  nerve-centres,  and  called  neuroglia,  or  nerve-cement  {Ner- 
ven-kitt ;  KUtsubstanz)  ?  This  substance  is  most  frequently  classed 
with  the  connective  tissue ;  but,  according  to  Henle,'  ''it  is  at  all 
events  to  be  distinguished  from  connective  tissue  on  account  of  its 
chemical  properties."  That  certain  microscopic  forms  of  so-called 
"neuroglia"  are  largely  unlike  other  forms  recognized  as  being 
nerve-cells  beyond  doubt  cannot  be  argued  in  i)roof  of  its  ina- 
bihty  to  perform  any  of  the  strictly  nervous  functions,  except  upon 
the  basis  of  the  assumption  that  we  already  know  beyond  reasonable 
question  what  are  all  the  elementary  structural  forms  of  true  ner- 
vous matter.  But,  assays Eckharcl,*  ''  if  we  start  the  inquiry,  what 
formal  elements  of  the  brain  nud  spinal  cord  take  part  in  the  activi- 
ties of  these  (the  nervous)  organs,  and  in  what  way  do  they  take 
part,  we  are  able  to  give  to  it  only  a  very  unsatisfactory  answer.'* 
We  are  not  in  a  position,  then,  either  to  affirm  or  to  deny  abso- 
lutely the  claim  sometimes  set  up  for  the  neuroglia,  that  it  con- 
tains true  nervous  elements. 

It  is  best  to  recur  to  the  facts  which  microscopic  anatomy  dis- 
closes as  a  basis  for  classifying  the  different  structural  elements  of 
the  nervous  system.  These  may  be  briefly  described  as  follows :  * 
As  to  the  true  nervous  character  of  fibres  of  various  kinds,  not  only 
as  conducting  bands  between  the  nervous  centres  and  the  peripheral 
parts  of  the  body,  but  also  within  the  substance  of  these  centres, 
there  is  no  dispute.  Nerve-fibres  undoubtedly  constitute  one  of 
the  structural  elements  of  the  nervous  mecbauisni.  Besides  the 
nerve-fibres,  histology  distinguishes  in  the  gray  substance  of  the 
nervous  centres — where  all  the  structural  elenionts  of  the  nervous 
system  are  to  be  found  in  greatest  abundance  and  variety — three 
other  species  of  structural  form.  Such  are  (a)  certain  cells,  known 
more  particularly  as  the  "ganglionic  nerve-cells."  These  cells  (to 
be  described  more  minutely  hereafter)  are  irregular  masses  of  finely 
granular  protoplasm,  possessed  of  a  clear  nucleus  and  one  or  more 
DUcleoU,  and  sending  off  one  or  more  processes. 

(6)  Corpuscles,  consisting  either  of  naked  nuclei  or  of  nuclei 
^th  only  a  small  amount  of  surrounding  protoplasm,  and  having 
various  shapes  sometimes  difficult  to  make  out,  are  also  found 
abundantly  in  the  gray  matter  of  certain  nervous  centres.     Such 

*  Anatomie  des  Menschen.     Text,  p.  806.     Brauuschweig,  1880. 

*  Hermann,  Handb.  d.  Physiol  ,  II.,  ii.,  p.  15. 

s  Comp.  Henle,  Anatomie  des  Meuschen.     Text,  p.  306. 
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bodies  are  usnallv  mnch  smaller  than  the  cells  of  undoubted  ner- 
Tous  character  described  above,  many  of  them  being  scarcely  more 
than  j-^^ji  -  -i^uit^  or  even  ^g'y  «,  uf  an  inch  in  diameter.  Some  of 
them,  like  the  t^-pical  ganglionic  cell,  give  ofT  processes  which  are 
thought  to  be  continuous  with  nerve-fibres.  It  is  altogether  prob- 
able that  these  cells  of  the  second  class  differ  onlv  in  their  dimen- 
sions  from  the  cells  of  the  first  class.  In  some  places  (for  e3Uimple, 
in  the  cortex  of  the  cerebrum,  or  large  brain)  they  appear  to  have 
the  characteristics  of  transitional  forms  between  the  undeveloped 
granules  of  the  same  class  and  the  more  highly  developed  ganglion- 
cell&  In  other  places  (as  in  the  cerebellum)  they  form  independ- 
ent layers.  They  may  be  described  as  nuclei  **  invested  by  only 
a  small  quantity  of  cell-substance.**  *  Some  are  multipolar,  some 
bipolar,  some  unipolar.  Admitting,  as  we  seem  compelled  to  do  on 
account  of  their  resemblance  to  the  typical  form  of  the  ganglionic 
nerve-cell,  that  some  of  these  cells  are  true  nervous  elements,  it  is 
impossible  for  liistology  to  draw  the  line  through  the  entire  class, 
and  so  to  affirm  beyond  doubt  that  any  of  them  are  without  claim 
to  be  counted  among  such  elementa 

(e)  The  diffuse,  finely  granular  substance,  already  referred  to  as 
so-called  "neuroglia,**  which  fills  in  the  gaps  between  the  nerve- 
fibres  and  the  cells  of  the  two  preceding  classes,  constitutes  the  other 
form  of  matter  observed  in  the  nervous  centres.  It  exists  in  quan- 
tity large  enough  to  form  an  essential  constituent  of  some  locali- 
ties of  the  brain  and  spinal  cord.  It  is  not  always  clear,  however, 
to  what  this  appearance  of  granular  or  molecular  matter,  in  which 
the  nerve-cells  seem  embedded,  is  due.  According  to  some  author- 
ities, it  may  result  from  a  confused  interlacement  of  fine  nerve- 
fibrils  and  fine  ramifications  of  nerve-cells  ;  or  from  the  crushing 
of  such  nervous  matter  in  the  process  of  examination.*  The  neu- 
roglia itself  is  described  as  a  deUcate  reticulum,  or  network,  in 
which  certain  small  cells  (neuroglia-cclls)  supposed  to  belong  to 
the  sustentacular  tissue,  and  other  more  conspicuous  cells,  usually 
stellate  in  section  ('*  cells  of  Deiters  **),  are  found. 

§  18.  Of  the  three  foregoing  kinds  of  structural  forms  found  in 
the  gray  nervous  matter,  it  is  perhaps  safest  to  class  the  first  two 
together  under  the  term  "nerve-cells,*'  We  should  then  have  to 
remember  how  greatly  these  vary  in  size  and  formation — all  the 
way  from  the  naked,  or  almost  naked,  nucleus  to  the  large  ganglion- 
cell  with  its  many  processes  and  complex  microscopic  structure. 

'  See  Max  Schalt2e  in  Strieker,  Human  and  Comparative  Histology,  L,  p. 
183.     London,  1870. 
'See  Quain's  Elements  of  Anatomy,  ii.,  p.  149.     London,  1882. 
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The  iut  of  the  Uirce  (neuroglin)  mnj  then  bo  roganilecl  na  n  Bust«a> 
Ucolor  tissue  ;  though  with  tlii>  conlcasiou  tiiat  iii  tfan  bnun  nod 
spinnl  OOT<1  it.  is  by  iiq  iiipaiis  ttlway§  easy  to  diatrnguish  HOtAtai' 
tocTilar  from  tiTie  tiervouti  tiainie.' 

tb«  structures  knoim  na  nerve-llbrea  and  nenfe-c^Us,  Lie- 
logy  fnnlilps  W8  to  give  fi  further  more  minute,  if  not  a  com- 
itc,  dcacriptiun  ;  it  also  excitea  our  interest  by  making  it  puaai- 
to  coDJetiture  vihat  ia  the  regulfir  anatomical  i-elatlon  between 
two.     Wlicn  combined  with  jibysiological  researches,  histology 
enkblea  us  to  make  coasiderable  progresa  toward  distiuguish- 
tli6  separate  as  well  as  the  combined  functions  of  tbeee  ele- 
We  consider.  tJien,  with  jjarticulnr  detail,  the  atructnre  and 
i-fibrea  and  ganglionic  uerve-ccUa. 
19.  AVhat  is  ordinarily  called  a  nerve  appeara  to  the  naked  eye, 
'lieD  dissected  from  nn  i"i'>""lj  as  a  cord  of  a  whitish  or  grayish 


nolor,  Had  of  uniform  structure.  The  nerre  ia  really,  however,  one 
or  more  buDiUes,  or  fascicles,  of  a  larger  or  stnaller  aiiie,  liound  to- 
■  gelber  by  connective  tisaue.  Accordingly,  on  following  it  toward 
"  I  peripheral  terminatioa  we  find  that  it  diTides  iind  subdividea 
ntil  ila  subdivisiuns  consist  of  a  single   nervous  vleuicnt  culled  a 


'  CoBp.  R4nrl«T,  TrkltA  Technlquu  d'Hislologie. 


717,     PsriB,  1875. 
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Nerve-fibre.  The  bundles  have  a  special  sheath  formed  of  con- 
nective tissue  (neurilemma^  or  perineurium),  which  in  the  finest 
branches  becomes  reduced  to  a  single  layer  of  cells  cemented  to- 
gether edge  to  edge,  and  is  called  the  "sheath  of  Henle."  On  fol- 
lowing the  fibres  backward  again  toward  the  central  orgass,  it  is 
found  that  several  of  them  are  bound  together  to  form  a  nerve- 
fascicle  ;  a  small  amount  of  fibrillar  connective  tissue  appears  be- 
tween the  several  fibres  within  the  same  sheath ;  the  character  of 
the  sheath  itself  is  changed,  and  it  becomes  attached  to  surround- 
ing structures  by  a  layer  of  connective  tissue.  It  is  the  fibres  into 
which  the  nerves  break  up  on  being  followed  toward  their  periph- 
eral  terminations,  or  by  junction  of  which,  successively,  they  are 
composed  on  being  followed  toward  their  central  termination,  that 
are  to  be  considered  as  the  true  elements  of  the  nervous  system. 

§  20.  Such  nerve-fibres  as  compose  the  nerves  which  stretch  from 
the  central  organs  to  the  peripheral  parts  of  vertebrate  animals 
may  readily  be  divided  into  two  classes:  one  called  medidlated 
fibres^  or  nerve-tubes,  and  the  other  non-meduUated  fibres  or  fibres 
of  Eemak,  Nerves  in  which  there  is  a  large  proportion  of  medul- 
lated  fibres  have  a  characteristic  white  or  watery  appearance  ;  those 
in  which  only  non-medullated  fibres,  or  only  a  few  medullated  fibres^ 
exist  are  grayish  and  slightly  translucent.  Vertebrates  alone  have 
the  former.  The  medullated  nerve-tubes  belong  particularly  to 
the  cerebro-spinal  system,  and  are,  therefore,  of  prime  interest  in 
psycho-physical  researches  ;  the  fibres  of  Remak  are  very  abundant 
in  all  the  nerves  belonging  to  the  sympathetic  system.  This  two- 
fold division  of  nerve-fibres,  while  admitting  of  easy  application  to 
the  constituent  elements  of  the  nerve-trunks,  becomes  more  diffi- 
cult when  we  attempt  to  carry  it  out  within  the  complex  nervous 
matter  of  the  central  organa  Here  Max  Schultze  *  points  out  sev- 
eral varieties  of  nerve-fibrea  There  are,  first,  those  "very  fine 
threads  which  he  on  the  extreme  verge  of  microscopic  mensura- 
tion," and  which  require  an  enlargement  of  from  500  to  800  diame- 
ters in  order  to  be  made  visible.  In  such  fibres  no  internal  struct- 
ure can  be  detected  by  the  microscope.  To  these  Schultze  gives 
the  name  of  "  primitive  nerve-fibrils."  Second  :  certain  very  deli- 
cate transparent  fibres  of  albuminous  composition,  and  distinguished 
from  the  foregoing  by  their  greater  size  and  their  manifest  fibrillar 
structure,  are  found  in  the  central  organs.  These  are  the  so-called 
naked  axis-cylindei-s.  Both  the  foregoing,  when  invested  with  a 
medullary  sheath,  become  converted  into  the  third,  or  medullated, 
form  of  nerve-fibre.     Tliese  fibres  in  the  nerves,  while  running  be- 

'  See  Strieker's  Human  and  Comparative  Histologj,  i.,  pp.,  1474. 
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Iwe^  the  central  organs  and  the  end-organs,  become  invested  with 
m  delicate  membrane,  and  are  thus  converted  into  nerve-tubes  of 
"iihe  well-known  threefold  structure.  A  fourth  form  of  nerve-fibre 
occurs  in  the  peripheral  nerves,  and  is  distinguished  from  the  fore- 
going by  the  absence  of  the  medidlary  sbeatb.  This  is  the  pe- 
iphend  non-medullated  fibre,  or  fibre  of  Remak,  already  alluded  to. 
they  appear  to  the  microscopist,  then,  on  an  examination  of  all 
Uie  kinds  of  nerve-fibres  which  are  found  in  all  the  different  parts 
of  the  nervous  system,  the  following  table  of  varieties  is  proposed 
\}j  Schultze : 

L  Non-meduUated  ( ^'  Primitive  fibrila 

fibres.  J       Fasciculi  of  primitive  fibrils. 

( 3.  These  last,  with  a  sheath  of  Schwann. 

(1.  Primitive  fibrils  with  medullary  sheath. 
2.  Fasciculi  of  primitive  fibrils  with  such 


sheath. 
3.  These  last,  with  a  sheath  of  Schwann. 


The  exposition  of  Schultze,  although  of  value  in  setting  forth 
the  variety  of  forms  in  which  the  nerve-fibre  is  actually  found  by 
the  histologist,  does  not  constitute  an  objection  to  the  twofold  di- 
vision first  proposed.  On  the  contrary,  it  leads  directly  to  such  a 
division.  For  it  will  be  noticed  that  both  of  the  chief  classes  of 
fibres  are  regarded  as  composed  of  a  number  of  primitive  fibrils  ; 
both  are  also  regarded  as  becoming  invested  in  their  peri2)heral 
course  with  an  outside  membrane.  The  two  classes,  however,  are 
really  derived  upon  the  basis  of  the  fact  that  some  of  the  primitive 
fibrils,  whether  they  have  already  become  invested  with  this  mem- 
brane or  not,  possess  a  medullary  sheath,  and  others  do  not.  It  is 
the  presence  or  absence  of  this  medullary  sheath  which  constitutes 
the  one  important  difference  between  the  different  classes  of  nene- 
fibres. 

§  21.  Medidlaled  nerve-fibreH,  or  nerve-tubes,  have  a  threefold 
structure.  Such  fibres,  when  separated  by  teasing  with  needles 
from  the  fascicle  of  nerve-fibres  and  examined  under  the  microscope 
while  still  fresh,  appear  pellucid,  with  a  central  jjart  and  a  border 
on  each  side,  like  a  translucent  liquid  in  a  tube  of  translucent 
walla  The  lines  of  this  double  contour  are  at  first  comparatively 
sharp  and  regular ;  lengthening  the  focus  of  the  instrument  ob- 
scures slightly  the  central  part,  and  causes  the  parts  on  the  border 
to  appear  brighter.  Little  by  little  the  appearance  of  the  fibres 
changea    The  contours  become  irregular,  and  the  substance  (myelin ) 
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compoeing  the  borden  becomes  folded,  striated,  snd  granol&ted  in 
appearance.  The  myelin  welU  over  the  sides  of  the  ends  of  the 
fibres  in  irregular  globular  or  contorted  masses.  Occasionallj  a 
pale  filament  may  be  seen  projecting  beyond  the  torn  end  of  a 
fibre.  Owing  to  the  fact  that  various  solutions  have  different  effects 
upon  the  different  parts  of  the  nerre-fibrea,  it  is 
possible  to  prepare  specimens  which  shall  exhibit 
clearly  their  threefold  structure.  Thus,  for  ex- 
ample, a  solution  of  picrocarminate  of  ammonia 
I  colors  the  central  part  of  the  fibre,  or  axis-cylin- 
der, but  not  the  myehn  ;  whereas  osmic  acid 
\  stains  the  axis-cylinder  slightly,  the  myelin  thor- 
I  onghly,  but  not  the  substance  of  the  annolar 
ringa  By  use,  then,  of  various  reagents,  to  color 
the  nerve-fibres,  and  by  numerous  observations 
of  them  under  various  circumstances,  their  three- 
fold nature  in  a  living  state  is  thought  to  be  dem- 
onstrated. We  distinguish,  then,  in  the  medul- 
Kt'W  1    1  Isted  fibreH  :  (1)  An  outer  membrane,  extremely 

Vl'X'l  J  '^''''  P^Uucid,  with  nuclei  in  it,  and  called  the 

iwl'l  I  '  primitive  sheath  or  shealh  of  Schwann ;  (2)  an  in - 
\vNl  ]  ti  Vr  ^'^°'^  layer  of  dimly  granular,  white,  and  highly 
■  refracting  substance,  semi  liquid  during  life,  and 
ie  uut  tinciiWi»iit«ir  after  death  undei^oing  a  process  resembling  co- 
-««i»«.  (scbinibc.)  agulation— called  the  meduUaiy  dieaih  or  tMite 
Hubatance  of  Schuxinn ;  and  (3)  a  cylindrical  band  of  albuminous 
material,  transparent,  but  with  marks  of  fibrillation — called  the 
asis-cylinder.  Only  the  last  is  supposed  to  constitute  the  esaen- 
tiftl  nervous  structure  ;  for,  as  we  have  already  seen,  many  nerve- 
fibrea  are  simple  naked  axis-cylinders,  and  all  fibres  for  a  certain 
distance  from  the  cells  in  which  they  originate  are  devoid  of  the 
medullary  sheath.  There  is  considerable  eridence  that  the  presence 
of  this  sheath  depends  upon  the  need  of  insulation  only. 

g  22.  Besides  the  threefold  longitudinal  structure  of  the  mednl- 
lated  nerve-fibre,  we  have  to  notice  certain  structural  modifications 
that  occur  at  intervals  in  its  length.  The  peripheral  nervfr-tube 
does  not  run  along  as  a  regular  cylinder,  but  places  of  constriction 
appear  at  certain  points  situated  beneath  the  outer  sheath ;  these 
constrictions  are  made  at  the  expense  of  the  meduUaiy  sheath  or 
myelin.  They  are  called  annular  coDstrictions  or  nodes  of  Banvier  ; 
the  portion  of  nerve-fibre  included  between  two  bf  these  constric- 
tions is  called  an  interaunular  segment.  At  the  constrictions  the 
ends  of  the  segments  of  the  outer  sheath  are  joined  together  by  a 
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thin  layer  of  cementing  substance  which  extends  inward  toward 
the  axis-cylinder.  These  interannular  segments  of  the  nerve-fibre 
vary  greatly  in  length.  When  several  nerve-fibres  lie  parallel  with 
each  other,  the  segments  of  four  or  five  of  them  often  seem  to  have 
about  the  same  length,  and  then  the  series  appears  interrupted  by 
some  segment  considerably  longer  or  shorter  than  the  rest 

Each  interannular  segment  of  a  nerve-fibre  has  a  flattened  ellip- 
tical nucleus,  situated  nearly  equidistant  between  the  two  annular 
constrictions  which  limit  the  segment.  This  nucleus 
often  has  a  nucleolus ;  between  the  nucleus  and  the 
myelin  there  exists  a  minute  mass  of  protoplasm  which 
is  spread  beneath  the  membrane  of  Schwann  and  fixed 
to  it 

Scattered  iiTegularly  along  each  interannular  seg- 
ment are  delicate  lines  or  fissures  which  seem  to  run 
obliquely  through  the  medullary  sheath  from  the  mem- 
brane on  the  surface  of  the  nerve-fibre  to  the  axis-cyl- 
inder. Their  significance  is  not  yet  determined ;  they 
are  called  the  "  incisures  of  Schmidt."     (See  Fig.  4.) 

§  23.  The  complex  microscopic  structure  of  the  med- 
ullated  nerve-fibre,  as  described  above— outer  ^sheath, 
medullary  sheath,  axis-cylinder,  interannular  segments 
limited  at  each  end  by  annular  constrictions,  nucleus 
and  nucleolus,  and  incisures  of  Schmidt— cannot  be 
considered  as  ''ultimate,"  even  in  the  restricted  sense 
in  which  we  use  the  word  as  applied  to  what  the  eye 
con  see  by  the  aid  of  optical  instrument&  Other  still 
more  minute  characteristics  of  its  structure  must  be 
briefly  mentioned,  although  with  the  understanding 
that  their  interpretation,  and  even  their  existence,  is 
more  doubtful  than  ore  the  characteristics  already  de- 
scribed. 

The  fact  that  isolated  axis-cylinders,  when  submitted 
to  the  action  of  picrocarminate  of  ammonia,  ore  stained  red  along 
their  median  line,  while  an  extremely  thin  homogeneous  border  is 
left  comparatively  uncolored,  and  the  additional  fact  that  minute 
flakes  or  scales  sometimes  seem  to  appear  upon  their  surface,  have 
led  to  the  conjecture  that  the  axis-cylinder  has  a  double  structure. 
The  clear  homogeneous  border  probably  corresponds  to  the  so-called 
"sheath  of  Mauthner."  * 

The  "fibrillated"  appearance  of  the  axis-cylinder  under  the  mi- 
croscope has  already  been  referred  to  as  undoubted ;  but  the  exact 
1  See  Ranvier,  Traits  Technique  d'Histologie,  i.,  pp.  738,  742. 
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'  nnttire  and  Hit  interpretation  of  Ihia  nppcnnuico  are  fltill  matters 
of  dispute.  Ou  ooiMtutit  of  the  (aot  tlmt  the  light  must  be  passed 
I  through  two  or  perhaps  three  cylinders  iu  orJer  to  reach  the  iiite- 
I  cor  Btnicture  of  the  Derve-fibre,  its  examination  under  the  high 
lowers  of  th«i  mirro8coi>«  which  are  iicceHsnry  to  see  tliia  fibhilnted 
Bitracture  is  extremetv  difficult,  lu  «|)itb  of  this  ditBculty,  however, 
F  Hans  Scbultase  '  cMma  that  tbci  tibriiii  of  the  nxiflK^ylindor  coo  be 


Hy  traced  ia  Uviug  fibres,  when  these  ore  in  proceBS  of  fonn- 

il  are  stiJI  nnked,  or  where  they  i8§ue  from  the  cells  without 

y  sheath,  or  where  they  lose  this  sheath  nt  the  auuulBT 

ions  or  in  the  peripheral  end- plexuses.     Various  prepaia- 

Faf  dead  nerve-fibre,  trented  with  different  reagenta,  seem  to 

e  saiue  fibrilkted  structure.     Moreover,  from  tha 

i  that  the  nervous  substance  of  the  fibrils  takes  a  carmine  tingo, 

J*k)le  ti]o  ititerfibrilUr.v  nucleated  substance  remains  stained  steel- 

plMwitli  the  iutrat«  of  silver,  Schultze  argues  that  the  axis-cylinder 

I  of  two  chemical  substjinces.     The  fibrillated  appearance 

I,  tfaentforo,  i»cnrcply  be  considered  as  due  to  the  arrangement  of 

'  la  Uie  A«hlT  (.  Anal,  und  Pliyaiol.,  1878,  Aii»L  AUli,,  pp.  359-283. 
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n>wa  of  gianalea  iu  straight  lines.'  Acoording  to  T.  W.  Bngel- 
tnann,'  in  good  preparationa  these  fibrila  appear  diatinct,  and  an 
never  seen  to  ansstomoae  or  form  a  plexua  of  fibril&  By  actoal  count 
the  number  of  fibrils  remaina  the  same — at  any  nte,  betweea  any 
two  iminilnr  constrictiona  ;  nor  are  tliey  ^parentlj  intermpted  in 
their  ooniae  by  these  constrictiOQa.  The  fibrils,  as  foand  in  diflarrait 
nerve-fibres,  seem  not  to  difEsr  in  respect  to  size  or  doeeneas  <tf 
contact,  bnt  their  number 
differs  in  Derre-fitnes  of 
different  sizes.  Engel- 
mann  coanted  about  four 
hundred  in  the  Uiickeat 
fibres  taken  from  the  mo- 
t^MT  roots  of  the  spinal 
cord  of  the  frog.  tClie 
closeness  of  their  con  tact, 
■ml  the  smalhiess  of  their 
number,  as  compared 
with  that  of  the  fibrils  into 
which  the  fibre  breaks  i^ 
at  its  peripheral  termina- 
tioDH,  make  it  difficult  to 
see  how  these  snbdin- 
aiona  of  the  axis-cylinder 
can  have  any  separate 
function  as  the  conduc- 
tors of  nerrous  impulses. 
Further  infonnatdon  re- 
garding them  must  be  left 
to  subsequent  researches. 
(See  Fig.  6.) 

The  strict  oontinoity  of 
the  axis-cylinder  through 
*  "•  ""*"  the  annular  constrictions 
maybe  called  in  question. 
Engelmonn  found  that,  on  being  treated  with  nitrate  of  mlver,  the 
axis-cylinders,  as  a  rule,  were  broken  off  at  the  annular  constric- 
tions or  nodes.'  Out  of  a  hundred  cases  of  broken  cylindera  only 
four  appeared  where  they  had  not  parted  in  the  middle  of  these 
constrictionB.  It  is  not  to  be  inferred  from  thin,  bowever,  that  nois 
mal  and  living  nerve-fibrea  ore  interrupted  by  a  space  of  even  mi- 
'  So  uilde  o(  H.  D.  Sclimidt,  tn  the  Honthlj  Hlcr.  Jonr. ,  1874,  voL  zU. 
'  PBUger's  Aroblr,  xxii.,  p.  2«.  >  Pflager*  Arehir,  z^.,  pp.  1-M. 
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erosoopic  proportions  at  these  nodes ;  no  such  interruption  appears. 
Bat  it  is  bj  no  means  impossible  that  these  fibres  are  to  be  regarded 
as  composed  of  a  number  of  annular  segments  cemented  together — 
each  separate  fibnl  placed  exactiy  end  to  end  with  its  fellow  in  the 
adjoining  segments.  Such  an  arrangement 
would  accord  with  the  theory  which  regards 
the  segments  as  elongated  and  developed 
nerve-cells. 

§  24.  Non-medullated  nerve-fibres,  or  fibres 
ofHemak,  differ  from  those  already  described 
in  that  they  do  not  possess  a  medullary 
sheath  They  are  grayish  and  tranblucent, 
longitodinaUy  striated,  with  flattened  elon- 
gated nuclei  lying  at  frequent  intervals  upon 
their  surface.  When  gathered  together  within 
a  sheath  of  neurilemma,  they  are  not  placed 
side  by  side  as  are  the  medullated  nerve- 
tubes  ;  they  are  rather  formed  in  the  interior 
of  the  nerve,  where  they  unite  and  divide  and 
make  an  intricate  plexus  or  network  of  fibre& 
They  are  grouped  in  larger  bundles,  some- 
times alone,  but  more  frequentiy  in  connec- 
tion with  medullated  fibre&  Their  stiiated 
appearance  is  probably  due  to  the  fact  that 
they,  like  the  axis-cylinder  of  the  medullated 
nerve-fibres,  are  composed  of  numerous  fibrils. 
As  has  already  been  said,  they  belong  to  the 
sympathetic  system.    • 

§  25.  The  size  of  different  nen^e-fibres  in 
the  human  body  varies  greatly,  according  to 
their  kind,  position,  and,  perhaps,  function. 
As  a  rule  the  non  -  medullated  fibres  ore 
smaller  than  the  medullated,  the  former  be- 
ing from  YTi'zrir  ^  irtM>i7  ^^  ^^  ^"^h  in  diam- 
eter, and  the  latter  (in  the  trunk  and  branches  fio.  8.— Fibrea  of  nommk  from 
of  the  nerve)  from  y^^^  to  ^^\j^  of  an  inch. 
But  this  rule  is  not  always  followed.  In  the 
white  matter  of  the  cord  the  medullated 
fibres  range  in  size  from  y^^  c^  ^^  ^  <jV(r  ^^  ^^^  ii^ch,  in  parts  of  the 
anterior  columns,  and  about  ^  Jj,^  of  an  inch  in  those  regions  of 
the  lateral  and  posterior  columns  which  are  nearest  the  gray  matter 
of  the  cord.  In  the  gray  matter  of  the  cord  and  brain  the  fibres  are 
much  finer — being  from  ^^^  to  y^J^^j^  of  an  inch  in  diameter,  or 


the  PtieumoKn'ttric  of  the 
Doff.  '•o"/,.  (Kanvicr.)  w, 
NiiclcuK  with  Rummnding 
protoplaKin,  p :  b.  strioi  cor- 
responding to  flbrilK. 
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even  of  an  almost  immeasurable  fineness  ;  they  are  finest  of  all  in 
tlie  superficial  layers  of  the  brain  and  in  the  nerres  of  special  sense. 
In  some  instances  the  axis-cylinder  may  be  not  more  than  m^^^^ 
of  an  inch  in  diameter. 

§  26.  The  number  of  fibres  which  enter  into  the  composition  of 
individual  nerves  also  varies  greatly.  In  the  common  motor  nerve 
of  the  tongue  it  has  been  estimated  at  about  five  thousand,  in  that 
of  the  eyes  at  fifteen  thousand,  in  the  optic  nerve  at  one  hundred 
thousand  at  least 

§  27.  So-called  ganglion-cells,  or  nerve-cells^  are  the  second  of 
the  two  structural  elements  which  can  be  more  minutely  described 
as  undoubtedly  belonging  to  the  nervous  system.  These  bodies 
vary  greatly  in  size  and  shape,  but  they  all  show,  when  subjected 
to  microscopic  examination,  certain  weU-recognized  common  charac- 
teristics. Nerve-cells  are  irregular  masses  of  protoplasm,  finely 
granular  aud  delicately  striated,  with  a  large  nucleus  which  is  well- 
defined  and  vesicular  in  appearance,  and  which  usually  contains  a 
shining  nucleolus ;  they  send  off  one  or  more  prooes8e&  In  the  gray 
matter  of  the  cord  and  brain  they  are  embedded  in  the  neuroglia 
or  so-called  **  nerve-cement ; "  in  the  smaller  nervous  centres,  such 
as  the  ganglia  of  the  sympathetic  and  the  ganglia  on  the  posterior 
roots  of  the  spinal  cord,  they  are  surrounded  by  a  capsule  of  con- 
nective tissue. 

§  28.  Careful  microscopic  investigation  of  the  nerve-cell  with  high 
magnifying  powers  of  the  instrument  reveals  the  great  complexity 
of  its  structure.  Li  describing  this  complex  structure  the  bipolar 
ganglion-cell  of  the  fish  may  be  considered  as  a  common  type.  Such 
a  cell  is  called  by  Max  Schultze  '  a  ''  nucleated  swelling  of  the  axis- 
c}linder."  When  found  in  the  course  of  a  nerve-fibre  it  appears 
at  first  sight  as  a  complete  interruption  to  the  continuity  of  the 
fibre.  Further  examination  is  thought  to  show,  however,  that^ 
when  the  fibre  reaches  the  cell,  the  axis-cvlinder  loses  its  medal- 
lary  sheath,  and  the  fibrils  which  constitute  the  substance  of  the 
cylinder  become  dissociated,  and  continue  their  course  over  the 
surface  of  tlie  "  ganglionic  globe  "  to  its  opposite  pole  ;  here  they 
reunite  and  form  a  fibre  identical  with  the  one  that  approached 
the  nearer  ix)le  of  the  cell.  The  **  ganglionic  globe  "  itself  appears 
to  be  composed  of  granular  substance.  We  may  distinguish,  then, 
in  such  a  gjingl  ion -cell  these  two  parts  :  (1)  a  fibriUaiy  covering, 
the  fibrils  of  which  are  continuous  with  the  fibrils  of  the  axis- 
cylinder  on  either  side  of  the  cell ;  and  (2)  a  granular  globe  con- 
taining near  its  surface  a  nucleus,  within  which  one  or  more  nucleoli 

>  In  Strieker,  Human  and  Comparative  Hlstologj,  L,  pw  174. 
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tppear.'  A  repetition  of  these  parta  of  the  structure  of  the  bipolar 
eell,  it  is  claimed,  may  be  expected  and  found  in  ganglionic  nerve- 
eella  in  general 

A  microflcopio  Btracture   mibatantially  like  that  of  the  bipolar 
ganglion-cell  of  the  fish,  aa  already  desoribed, 
MM  found  to  belong  to  the  multipolar  cells  of 
the   anterior  homa  of  the  spinal  cord  of  man, 
Ajid  of  the  ox,  or  of  other  nwmmala.    Among 
•the  many  processes  given  out  by  such  a  cell, 
C:J)e    researches  of  Deiters  and  of  others  have 
<3eiiionstrated    that    ordinarily   only  one   be- 
csotnea  csontinuous  with  the  axis-cylinder  of  the 
j-wt-i pherally  running  nerve-fibre.     This  one, 
«=aUed  the  "prolongation  (or  process)  of  Dei- 
-fc^ra,"  has  sometimes  been  distinctly  seen  to 
"ft^e    fibrillated ;  and   it  is  supposed  that  its 
:^3brile    are,  as  a  rule,  continuous   with  those 
^^3f  the  axis-cylinder  of  the  nerve-fibre.     Hence 
^t  is  called  the  "  axis-OTlinder  process."    The 
^=>theT  processes  from  the  cell  also  seem  to  be 
^brillar ;   but  the   quantity   of    iuterfibrillar 
^ranolar    substance    which    they  contain    is 
^rreater  than  that  in  the  axis-cylinder  process 
niiese    fibrils   ramify,  anastomose   with    each 
other,  and  become  lost  in   an  intricate  net- 
~work  of  extremely  minute  nervous  filaments. 
Over  the  surface  and  witliin  the  interior  of  the 
*'  ganglionic  globe  "  of  the  multipolar  cell  the 
fibrils  of  all  these  processes  run  in  every  di- 
rection with  bewildering  complexity.     Their 
relation   to  one  another,  and  to  the  various    '^|'i'n^''o||1,'^l^'^E||J 
parts  of  the  substance  of  the  cell,  cannot  bo      U^**i,^°ul,    'Ihl^th'crf 
eaid  to  be  determined  with  any  degree  of  cer-      rn^imbn-.  enriorii>K  ™, 
tainty.     Most  of  the  fibrils  appear  only  to  tra-      mih"  »NrhV>V|HnH 
verse  the  ganglion-cells,   but  some  of  them,      01110™"*^,'^™.'?^""- 
perhaps,  originate  within  the  cells.     In  the  case      "'''""' 
of  any  thus  originating,  it  is  not  as  yet  possible  to  say  whether 
or  not  they  arise  out  of  the  nuclei  and  nucleoli,  and  so,  whether  we 
may  consider  these  parts  of  the  ceLs  as  the  special  sources  or  cen- 
tres of  the  nerve-fibrils,  asHarless,  Meynert,  and  others  have  done.' 
'  See  SsnTier,  Tr«it6  Teehntqao  d'Hlstologie,  I,,  p.  712. 
*  S»e,  on  this  whole  subject.  Max  Scfaultzu  in  Stlickvr,  Human  mid  Compnra- 
UveHUtolog/,  i,,pp.  173-187;  RaiiTier,  Trait6  THchiiiijuu  U'lIisloloiriB,)..  pp. 
no  B.  ;  ud  Bmns  Scliultie,  Arohiv  t  AiiaL  u.  Physiol.,  187»,  pp.  2aU-'2S5. 
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g  29.  The  variet;  of  ahapes  taken  by  the  nerre-oeOs  has  alrea^ 
.  1)eeti  mentioned,  aa  well  ab  the  fact  that  thej  may  M  clwaified  as 
imipolar,  bipolar,  and  multipolar.  Some  are  nearly  round ;  othen 
OToidal,  caudate,  Bt«llat«,  or  shaped  like  a  flask  or  the  blade  of  a 
paddle.  Still  othen  appear  Bomewhat  like  the  foot  of  an  animal 
with  clawi ;  while  the  brojuAing  procetaea  of  others  give  them  the 
appearance  of  sprawling  out  iiregolarly  in  a  half-«oore  of  diflerent 
directions.  To  a  certain  extent  the  shape  of  the  oella  is  character^ 
istic  of  that  region  of  the  central  nervous  system  where  they  are 


found,  in  most  abundant  numbers,  embedded  in  the  nen^^li^ 
For  example,  large  gangUon-cells  of  irregular  shape,  wi£h  branch- 
ing proceHsen,  which  have  been  called  "  motor,"  are  found  in  the  ante- 
rior hornB  of  the  gray  matter  of  the  spinal  cord  ;  pyramidal  cells  of 
various  sizes,  with  processes  from  both  base  and  apex,  are  character^ 
istic  of  the  cortex  of  the  cerebrum  ;  and  just  at  the  inner  edge  of 
the  gray  cortical  matter  in  the  cerebellum  appear  irregular  globu- 
lar or  ovoidal  cells,  which  send  off  one  or  two  branching  {woceaBea 
toward  the  surface  of  the  cerebrum.  The  gaQglion~<!ellB  of  the  sym- 
pathetic also  are  usually  globular  or  ovoidal,  and  have  one  or  more 
processes  which  pierce  their  capsule  and  become  non-mednllated 
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nerve-fibrea.     IjDipoIar  cells  are  found  in  the  spinal  ganglia  of  the 
higher  animals,  bipolar  in  the  spinal  ganglia  of  fishes. 

Nenre-cells  tbtj  in  size  as  much  as  in  shape  ;  the  limits  may  per- 
haps be  giyen  as  from  about  f  V^  to  j-^^  of  an  inch.*     No  special 
physiological  significance  can  in  any  case  be  assigned  to  the  shape 
of  the  nerve-cell ;  we  are  wholly  ignorant  of  the  meaning  of  such 
a  variety  of  forms,  and  of  the  value  of  any  particlar  form  in  a 
given  position.    It  is  possible,  however,  that  the  large  size  of  the 
so-called  ''  motor-cells  "  of  the  anterior  horns  of  the  spinal  cord  is 
iadicative  of  their  special  physiological  function.     We  may  also 
fairly  incline  to  interpret  the  multiplication  of  ganglion-cells  in  the 
central  parts  of  the  nervous  system  as  significant  of  the  large 
amount  and  high  quality  of  work  which  must  be  done  by  them 
within  these  centrea     It  is  possible  that  the  shape  of  the  cells  is 
largely  due  to  the  mechanical  conditions  which  control  their  de- 
velopment vrithin  the  embryo ;  but  upon  this  subject  we  have 
acarcely  any  trustworthy  information. 

§  30.  The  structure  of  the  nerve-fibres  and  nerve-cells,  and  the 
xxature  of  the  histological  relations  whicl\,^parently  exist  between 
tJie  two,  have  led  to  a  captivating  theory  intended  to  reduce  all  the 
elements  of  the  nervous  mechanism  to  modifications  of  a  single 
^orm.     Extremely  different  in  structure  as  the  various  parts  of  the 
zierrous  system,  obviously  are,  we  are  told  that  modem  histological 
Bcience  r^ers  them  all,  for  their  elements,  to  ''one  perfectly  defi- 
xiite  type  ; "  *  this  type  is  the  ganglionic  nerve-cell.     The  important 
common  characteristic,  that  they  send  out  prolongations  which 
"become  nerve-fibres,  is  assumed  to  belong  to  all  such  cells.     The 
fibres  are,  accordingly,  considered  to  be  prolongations  of  the  cells, 
and  to  be  formed  of  substance  like  that  of  the  source  from  which 
they  appear  to  arise.     Nerve-fibres  may  then  be  described  as  nerve- 
cells  drawn  out  into  an  extremely  long  peduncle,  which  serves  to 
connect  them  with  other  similar  cells  and  fibres,  or  with  certain 
muscular  fibres  which  the  nervous  matter  commands.     This  mor- 
phological theory  of  the  nervous  elements  rests,  however,  upon  a 
doubtful  basis,  and  certain  strong  objections  may  be  brought  against 
it     We  are  probably  warranted  simply  in  asserting  that  both  classes 
of  these  elements,  like  the  other  primary  structural  forms  of  the 
body,  may  be  regarded  as  differentiations  of  one  type  (the  cell) 
onder  conditions  of  which  we  are  almost  wholly  ignorant. 
There  is  accumulating  evidence  in  favor  of  the  view  that  nerve- 

*  See  an  article  of  J.  Hoffmann  in  the  American  Journal  of  Neurology  and 
PBychiatry,  August,  1888,  pp.  432  flP. 
'  Baavier,  Trait6  Teohnique  d'Histologie,  i.,  p.  710. 
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fibres  are,  in  general,  connected,  both  hisiologicallj  and  phynologi- 
cally,  with  the  nerve-cell&  One  of  the  processes  of  each  cell  may, 
therefore,  as  a  rule,  be  regarded  as  continuous  with  the  axis-cjlin- 
der  of  a  nerve-fibre.  It  is  true  that  this  connection  can  by  no 
means  always  be  traced  by  the  microscope.  A  score  of  years  ago 
one  investigator '  declared  that,  after  having  examined  the  gray 
matter  of  the  spinal  cord  a  great  number  of  times,  he  had  demon- 
strated this  alleged  connection  only  very  rarely.  Bepeated  obser- 
vations since,  of  the  improved  modem  kind,  have  not  done  away 
with  the  comparative  infrequency  of  the  desired  demonstration. 
But  from  the  very  nature  of  the  case  a  great  number  of  the  nerve- 
fibres  must  have  their  connection  with  the  cells  broken  off  by  the 
treatment  they  receive  in  preparation  for  examination.  And  the 
positive  cases  where  such  connection  has  been  traced  may  fairly  be 
said  to  have  indicated  the  rule.  Moreover,  the  facts  of  physiology 
(to  which  reference  will  be  made  subsequently)  seem  to  favor  sach 
a  view  of  the  anatomical  relation  of  these  two  elements  of  the  ner- 
vous system. 

Additional  evidence  upon  this  subject  may  perhaps  be  derived 
fit)m  the  recent  researches  of  R  A  Birge.'  This  investigator  under- 
took the  gigantic  task  of  counting  the  nervous  elements  in  the  gan- 
gUa  and  roots  of  the  spinal  cord  of  a  large  number  of  frogs.  He 
apparently  discovered  a  general  i*elation  indicating  some  agreement 
in  the  number  of  the  so-called  motor-cells  and  the  fibres  alleged  to 
originate  from  these  cella  In  one  case  (No.  42)  an  actual  count  of 
ten  motor-roots  gave  5,734  fibres  and  5,777  cells  on  the  right,  and 
5,740  cells  on  the  left  side  of  the  cord.  Other  results  of  counting, 
however,  were  by  no  means  so  favorable  to  the  statement  that  the 
number  of  the  fibres  in  the  roots  agrees  exactly  with  the  number  of 
cells  in  the  corresponding  region  of  the  cord.  Nor  could  more 
complete  results  of  this  kind  form  any  sufficient  warrant  for  the 
conclusion  that  everywhere  in  the  nervous  system  the  number  of 
fibres  corresponds  with  the  cells,  or  that  the  nerve-fibres  all  spring 
from  the  nerve-cells  ;  much  less,  that  they  may  be  reduced  to  one 
form  of  such  cells  as  to  a  perfectly  definite  type. 

§  31.  The  discussion  of  the  chemical  constitution  and  structural 
form  of  the  elements  of  the  nervous  system  introduces  the  ques- 
tion as  to  the  Functions  of  these  Elements.  This  question  must 
be  answered,  if  at  all,  by  the  science  of  physiology.     And  in  view 

'  Vulpian,  see  Lemons  Rur  la  Physiologie  da  Sjstdme  Nenreux,  p.  818,  Lect- 
ure of  Jalj  9,  1864. 

'  Archiv  f.  Anat.  u.  Physiol.,  1882,  Phjsiolog.  Abth.,  pp.  485-471^, 
dally  p.  471. 
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of  onr  ignorance  of  the  genuine  nervous  character  of  all  other 
claimants  to  a  place  among  the  elements  of  the  nervous  system,  our 
inquizy  is  narrowed  to  the  following  terms  :  What  can  nerve-fibres 
and  ganglionic  nerve-ixlla  dof  With  the  activities  of  these  ele- 
menta,  as  combined  into  the  complex  organs  of  the  human  nervous 
mechanism,  the  whole  of  our  subsequent  examination  is  designed 
to  deaL  We  speak  here  very  briefly  of  certain  fundamental  prop- 
erties of  the  two  nerve-elements  already  described — that  is,  of  the 
nerve-fibres  as  gathered  into  bundles  called  nerves,  and  of  the  cells 
as  collected  into  ganglia  and  connected  with  these  nervea 

Nerves  and  nerve-cells  have  certain  properties  in  common  ;  that 
is  to  say,  within  certain  limits  both  can  do  the  same  things.  Both 
are  capable  of  becoming  the  subjects  of  a  specific  kind  of  molecu* 
lar  motion  which  we  are  entitled  to  consider  as  distinctively  "  neu-- 
ralf"  but  about  whose  natiure  and  mathematical  or  physical  relations 
to  other  modes  of  the  molecular  motion  of  matter  we  are  still  al- 
most totally  ignorant.  Both  are  also  capable  of  propagating  this 
distinctively  ''  neural  commotiqn  '*  from  one  portion  of  their  struct- 
ure to  another.  In  a  word,  both  nerve-fibres  and  nerve-cells  have 
the  properties  of  Excitability  and  Conductivity  ;  and  the  excitation 
and  conduction  of  excitation  which  these  nervous  elements  display 
are  of  a  kind  peculiar  to  themselvea  It  is  the  production,  propa- 
gation, modification,  and  distribution  of  this  distinctive  nerve-com- 
motion which  constitutes  the  one  constant  function,  or  property, 
of  the  nervous  elements,  whether  considered  as  isolated  or  as  com- 
bined into  organs.  It  is  customary  with  some  writers  to  speak  of 
the  production  of  psychical  2)henomena  as  the  crowiniijjf  function 
of  the  nervous  system.  But  whatever  may  be  the  view  we  shall 
find  ourselves  compelled  to  take  of  the  relations  between  the  loca- 
tion, quantity,  quality,  and  combinations  of  this  neural  molecular 
motion  and  the  phenomena  of  self-conscious  life,  from  our  present 
point  of  view  the  utterances  of  such  ^^Titers — if  designed  as  anything 
other  than  figures  of  speech  which  need  to  be  explained  in  detail 
to  be  even  suggestive  of  those  real  facts  and  relations  which  they,  in 
truth,  only  symbolize — are  of  little  interest  or  value.  We  are  speak- 
ing of  a  material  structure,  which,  although  alive  and  standing  in 
altogether  unique  relations  to  psychical  phenomena,  is,  nevertheless, 
in  itself  considered,  nothing  but  a  very  complex  collection  of  moving 
molecules.  The  pecuHar  form  of  molecular  motion  which  charac- 
terizes this  structure — namely,  so-called  "  nerv^e-commotion  " — is 
its  unique  function.  Inasmuch  as  such  nerve-commotion  may  be 
considered  as  originally  set  up  in  a  single  nervous  element  or  group 
of  elements,  and  then  propagated  from  this  initial  point  along  cer- 
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tain  more  or  less  definitely  marked  tracts  to  other  elements  or 
groups  of  elements,  we  maj  divide  the  one  function  into  two — the 
function  of  excitation  and  the  function  of  conduction. 

§  32.  Nerve-commotion,  or  neural  molecular  action,  is,  of  coarse, 
neyer  an  uncaused  event  It  begins  at  certain  points  in  the  ner- 
vous elements,  where  it  is  set  agoing  by  the  application  of  appropri- 
ate causes  of  excitation.  The  causes  of  the  excitation  of  the  ner- 
vous elements  are  caUed  "stimuli"  Stimuli  are  of  two  general 
kinds-— external  and  internal  External  stimuli  comprise  all  such 
modes  of  the  motion  of  matter  as  act  upon  the  peripheral  parts  of  the 
nervous  system,  and  so  produce  within  it  a  state  of  excitation  or 
nerve-commotion ;  among  these  are  light,  heat,  chemical  changes^ 
etc.  Internal  stimuli  are  such  as  act  upon  tlie  nerve-cells  of  the 
central  organs ;  they  consist,  in  general,  of  changes  in  the  blood 
produced  by  an  increase  or  decrease  of  oxygen,  the  presence  of 
drugs,  etc.  The  susceptibihty  of  a  nerve  to  any  form  of  external 
stimulus  is  called  its  ''  irritabiUty  ; "  and  when  a  nerve  will  no 
longer  respond  to  such  stimulus  by  being  thrown  into  a  condition 
of  excitation,  it  is  said  to  have  lost  its  irritability.  As  the  word  m 
generally  used,  then,  the  irritability  of  a  nerve  is  its  property  of 
excitability  under  the  action  of  some  form  of  external  stimuliUL 
When  excited  by  such  stimulus  it  is  said  to  be  irritated.  We  shall 
use  both  sets  of  words,  reserving  the  words  "  excitation  "  and  "  ex- 
citability "  for  the  general  state  and  function  of  all  nervous  tissue 
considered  as  capable  of  a  specific  molecular  commotion  ' — a  nerve- 
commotion. 

§  33.  But  although  all  the  nervous  elements  may  be  said  to  have 
the  properties  of  neural  excitabihty  and  conductivity,  important 
differences  arise  as  to  the  conditions  under  which,  and  as  to  the 
modes  in  which,  they  exercise  their  functions  when  combined  into 
a  complex  nervous  system.  In  the  normal  condition  of  such  a  8j»- 
tem  it  is  by  no  means  all  of  its  parts  which  are  directly  excitabte, 
whether  by  external  or  by  internal  stimuli ;  nor  is  the  effect  of  the 
excitation  of  both  the  elementary  structural  forms  of  such  a  system 
exactly  the  same.  A  single  nerve  may,  indeed,  be  separated  from 
the  other  parts  of  the  nervous  system,  with  a  muscle  attached,  and 
may  then  be  made  to  exercise  its  neural  function  in  moving  the 
muscle  by  being  itself  stimulated  with  different  kinds  of  stimuli  at 
different  points  along  its  course.  But  in  their  normal  place  and 
condition  nerves  are   never  excited  by  the  direct  application  of 

*  It  18  a  pity  that  we  have  in  English  no  one  word  which  can  be  used  onder 
all  conditions,  and  compounded  ad  libUum^  in  order  to  designate  a  property,  a 
prooesa,  a  state,  etc.,  as  can  the  German  word  Erregen^  Erregung,  eto. 


OAKOLION-CELLS  AS  DI8TBIBUT0RT.  49 

stimuli  ;  ihej  are  always  excited  indirectly  by  the  propagation  to 
them  of  nerre-commotion  which  originates  in  the  central  organs  or 
in  the  end-organ&  The  distinctive  office  of  the  nerves  is,  then,  to 
act  as  conductors  of  molecular  motion  set  up  in  themselves  by  the 
direct  excitation  of  the  nervous  elements  in  which  they  either  cen- 
trally or  peripherally  terminate.  Moreover,  large  portions  of  the 
cenbral  organs  do  not  respond  to  the  direct  application  of  various 
kinds  of  stimuli  to  their  surface.  We  are  obliged,  then,  to  suppose 
that  many  of  the  nerve-cells  which  compose  these  organs  are  excita- 
ble only  by  stimulation  through  the  nerve-fibres  that  run  into  them. 
The  ease  of  the  normal  nervous  fifystem,  with  respect  to  its  excita- 
bility, may,  then,  be  briefly  described  in  the  following  terms  :  The 
end-organs  of  sense  are  directly  excitable  by  external  stimuli,  and 
each  specific  kind  of  end-organ  which  is  characteristic  of  a  particu- 
lar sense  is  excitable  only  by  the  specific  kind  of  stimuli  appropri- 
ate to  that  sense.  The  aflferent  or  centripetal  nerves  are  excited 
only  by  the  end-organs  of  sense ;  their  specific  function  is  to  con- 
duct the  nerve-commotion,  started  by  the  external  stimuli  in  these 
end-organs,  toward  the  central  organ&  The  efferent  or  centrifugal 
nerves  are  not  directly  excited  by  either  internal  or  external  stimuli, 
but  only  by  the  central  organs  ;  their  specific  function  is  to  conduct 
the  nerve-commotion  started  in  them  by  the  central  organs  to  the 
muscles,  glands,  etc. — to  the  peripheral  parts  of  the  body  which 
are  to  be  moved  through  their  excitation.  The  central  nerve-cells 
themselves  are  excited  either  through  the  nerve-commotion  brought 
to  them  by  the  afferent  nerves  or  by  internal  stimuli.  Nerve- 
commotions  are  also  said  to  arise  in  them  automatically  ;  but 
the  facts  covered  by  the  term  **  automatic  "  require  further  distinc- 
tions to  be  made  as  to  the  functional  activity  of  the  different  nerve- 
elementa 

§  34.  If  the  distinctive  normal  function  of  the  nerves  is  the  con- 
ducting of  neural  molecular  motion  between  the  central  organs 
and  the  end-organs,  the  function  of  the  ganglion-cells  can  by  no 
means  be  pronounced  so  simple.  These  cells  are,  indeed,  also  con- 
ductors of  nerve-commotion  ;  within  the  central  organs  they  form 
important  parts  of  the  tracts  along  which  such  commotion  passes. 
They  serve  also  as  points  for  the  division  and  redistribution  of  this 
commotion  ;  they  may  be  spoken  of  as  switching-places  in  the  sys- 
tem or  network  of  tracts.  In  these  "  shunting-places "  of  the  cell 
many  lines  of  conduction  meet ;  and  the  one  of  them  taken  by  any 
impulse  entering  the  cell  may  depend  upon  the  relative  amount  of 
resistance  offered  by  these  lines.  The  work  of  the  cell  may  then 
be  considered  as  ''re-directive.'*  The  office  of  the  cell  in  distri- 
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bution  of  the  nerve-commotion  may  also  be  either  to  condense  or 
to  disperse  it ;  in  the  former  case  the  distribation  might  be  spoken 
spoken  of  as  ''  associatiye,"  in  the  latter  as  *'  dissociativa** '  They 
may  also  intensify  or  diminish  the  nerve-commotion  entering  them. 
But  the  nerve-cells  have  also  other  functions,  or  forms  of  the  one 
neural  function,  which  have  been  classed  as  either  (a)  automatic, 
(6)  reflex,  or  (c)  inhibitory. 

(a.)  Automatism,  or  the  power  of  initiating  the  peculiar  form  of 
molecular  motion  known  as  ''vital  impulses,''  independently  of 
the  action  of  any  discoverable  stimulus  from  without,  is  one  of  the 
fundamental  properties  of  protoplasm.  An  amoeba,  for  example,  is  a 
minute  mass  of  such  protoplasm ;  it  executes  movements  which  can- 
not be  wholly  explained  by  reference  to  any  changes  in  its  environ- 
ment The  difficulty  of  distinguishing  automatic  from  reflex  action 
in  the  spinal  cord,  and  muscular  from  nervous  automatism  in  the 
sporadic  ganglia,  need  not  concern  us  at  present  According  to 
Eckhard  *  two  kinds  of  thi^  automatic  function  of  the  ganglion-cells 
may  be  distinguished — viz.,  the  automatic-tonic  and  the  automatio- 
rhythmic.  In  the  former  case  the  control  of  the  cells  over  the 
muscular  structures  by  means  of  the  efferent  nerves  is  irregular; 
in  the  latter  this  control  results  in  the  nearly  simultaneous  contrac- 
tion of  the  same  set  of  such  structures,  repeated  at  regular  intervals ; 
as  is  the  case  in  the  movements  of  the  heart  and  lungs.  In  neither 
case,  however,  can  we  form  any  clear  conception  of  the  origin  within 
the  cells  of  this  neural  commotion,  of  the  nature  of  the  forces  at 
work  to  produce  it,  or  of  the  changes  in  material  that  are  involved 
in  it  We  can  only  say  that  as  yet  we  know  no  reasons  lying  out- 
side of  the  structure  and  activities  of  the  living  nerve-cells  them- 
selves which  will  account  for  the  starting  of  the  excitation.  In  tUi 
sense,  at  least,  such  neural  action  is  **  automatic." 

(6.)  The  reflex  function  of  the  ganghon-cells  admits  of  a  some- 
what more  detailed  and  satisfactory  statement ;  but  the  phenomena 
and  laws  of  reflex  nervous  action  are  properly  discussed  as  belong>- 
ing  to  the  central  organs  of  the  nervous  system.  It  is  enough^  at 
present,  to  note  that  the  great  changes  which  take  place  in  the 
character  of  nervous  impulses,  when,  after  entering  the  oentnl 
organs  by  the  aflierent  tracts,  they  are,  as  it  is  said,  "reflected* 
from  those  organs  along  the  efferent  tracts,  are  indnbitaUs  evi- 
dence of  the  specific  molecular  activity  of  the  ganglion-celb.  Fbr 
the  afferent  impulses  are,  in  fact,  not  simply  reflected  in  these  eelb ; 

1  See  A.  Hill,  The  Plan  of  the  C«?ntral  Nerrous  Sjrgtem,  p.  8.    CsmMdgv, 
1885. 
'  Hermann's  Haudb.  d.  Physiol,  II.,  ii.,  p.  19  f. 
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^^^fejBfittMb  Bodifitttl  OS  to  their  numbof,  Jntcnnity,  eliaract«r, 
^^^^^^■^■ML  ^b  DioOificatioii  ia  proof  of  profound  molpcu- 
^^BVH^HHIVve  ioalitutetl  in  the  substaoce  of  the  cells  Lhem- 
^■mat.     UM  ODD  proof.  lUDong  others,  thnt  n  Inrgo  espenditure  of 

■  cermr  in  Uu  celln  accamiMuii«it  the  traiisiuutatiou  of  offertiut  iato 

■  ffHvDt  tnipalse*. 

(cf  The  fitni-ltoti  ofinliilntion,  nsii8cril)«<]  to  gnnglion-cellB,  rouflt 

i«  proDoanoed  mor«  doubtful  iu   i-hanicl«r  Diau  eiUier  of  the  two 

ftrafoiiig.     It  WHS  found   bv  Wiiiult'  thnt  nervous  inipulsea  ar« 

drkjod  oo  pamng  (hnrngh  tho  ^piiiiU  ^unglioii.     Sticli  tinpiUsea 

•wm  mImi  III  rotuiuuM!  at)  amount  of  Unl(^  iu  travelling  along  or 

tfaraogh  th«  oord  thul  rannot  readily  bo  ncconnted  for  ns  wholly 

dn*  u>  tbv  Wiigth  of  the  nvrrouH   tracts  which  thty  thus  traveree. 

Bol  Batil  our  iufonnntiou  is  more  precise  rh  to  the  microscopic 

tfrnetora  of  the  conl,  nad  a»  to  tlic  tmcts  within  it  which  the  uer- 

«««  taipalara  folhiw,  wo  cauuot  aay  with  confid(>uoe  bow  much  of 

Am  dvWj  u  dan  to  tuoleculor  chiLDgee  peculinr  to  the  cella  them- 

attM.     That  the  autonalic  and  reflex  functions  of  tbo   inedulln 

nhloiig»t»  may  be  cura|Jounded,  os  it  were,  in  such  way  oa  either  to 

niMlil  or  to  Boe«lant(>  the  action  of  the  lienrl  nnd  Intigs  and  mus- 

nhv  walk  of  tlw  arlcritMi,  i»  a   well-known  fact     It  hus  already 

W«  mid  that  surW'OeUs  mny  diiuinieh  as  well  as  intensify  the 

i»f»  comuutiim  antsriDg  tbsin.    When  nflfercnt  inipulwH  rpnt^li  tbo 

pa^ba-eeUa  o(  tb«  cftntnM,  and  flod  tUtm  alreudy  at  work,  Huch 

■yilhv  rMolt.  aceordiag  to  circumslanceB,  in  cither  inhibiting;  or 

^finliitg  tfata  adirity.*     Mortxircr,  the  tonu  giwcn  forth  by  a 

^■dc,  wliui  letaaunl  In-  altmulatiug  tlie  nerve  to  whiuli  tlie  mua- 

■^  m  ittiitiiMA  with  n'pnnted  indurlion^hoi-ks.  has  ihn  aamo  nuni- 

I         W  ot  nbntion*  |«r  woond  oa  tbvre  are  of  such  shocks  ;  but  tho 

^Hlw  fma  fortli  by  tnusde  tetA&izcd  through  tlic  npinal  coi-d,  or 

^■%MiaB  of  tlw  will,  1mm  a  conalant  nmnb«r  of  vibratiunB,  niunHy, 

^Fl^ll  u&etNn  per  Mcoud.     It  would  ftpiw?ar  from  this,  ahto,  that 

^^    *i*  ■■ij;r«j    •jj-tmiiM  at  DPrre-KClla  pontroU  the  impulses  which 

I  :NM:la,   niooucding  lo   (bu    tuotccular   Btrui'tum   and 

[  11.     '.   f-elb.     In  this  sense,  then,  the  c«lU  may  be  said 

H      ^'1  ttmn  uiuibitory  fnnetionM  ondtr  orrtoin  cnndttions. 

^b     |li>  k  flgtuadnratioii  of  tli«  dilTerFOt   efTectn  produced   by  the 

^B  ^fBAoB  of  twmitu  impuUea  olong   tht^  ilincrcnt  nnrvrs  of  Uie 

^^  ^^tm  wnold  ■Mtu  at  Snt  lo  jnshfy  t)u)  ctawificKtiou  of  tlie  nerves 

'  ^"^^  to  tlM  f«ri»tiM  of  t^r  foiidiuiial  octinty.     In  thia  way 

a*a  tar  MKbaalk  der  Sarrtu,  1876.  Atrtb   11,  i>t>  4A  R.    - 
r,  k  T«0-tK«k  uf  Ph;niol(>)|T,  fourtU  oillUoa,  p    184      Xsw 
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we  should  distinguish  the  following  clfiSHOB :  (a)  nerves  of  motion 
controlling  the  muscular  apparatus,  whether  of  smooth  or  of  striated 
muscular  fibres  ;  (6)  nerves  of  inhibition  ;  (c)  nerves  of  secretion  ; 
(d)  ^phic  nerves,  or  nerves  which  have  a  direct  influence  upon  nu- 
trition ;  (e)  centripetal  nerves  that  have  no  sensory  function ;  and, 
finally,  (/)  sensory  nerves,  or  those  the  excitation  of  which  may 
result  in  conscious  sensation.' 

That  the  irritation  of  different  nerves  may  have  results  so  differ- 
ent as  are  indicated  by  the  foregoing  classes  must  indeed  be  ad- 
mitted ;  but  it  is  quite  another  question  whether  this  difference  is 
not  wholly  due  to  the  sources  of  origin  for  the  nerve-conmiotions 
sent  along  them,  and  to  the  structures  in  which  it  terminates,  rather 
than  to  any  difference  in  the  essential  physiological  function  of  the 
nerves  themselves.  Just  as  the  same  electrical  current  may  pass 
along  the  same  kind  of  wire,  and  write  a  message,  or  ring  a  beU,  or 
move  the  legs  of  a  frog  ;  just  so  the  irritation  of  certain  fibres  of  the 
pneumogastric  nerve  results  in  controlling  the  motion  of  the  heart ; 
the  irritation  of  other  nerves  seems  to  have  an  immediate  metabolic 
effect  in  directing  the  secretory  processes  ;  that  of  still  others  pro- 
foundly modifies  the  nutrition  of  the  portions  of  the  body  to  which 
they  are  distributed.  All  these  effects  are  in  appearance  greatly 
unlike  the  movement  of  a  muscle  under  stimulation  from  a  nerve. 
With  regard  to  the  influence  of  the  nerves  on  nutrition  (their  tro- 
phic function)  it  is  not  necessary,  in  order  to  account  for  it,  that 
some  specific  action  of  a  particular  kind  of  nerves  should  be  as- 
sumed. We  should  suppose,  of  course,  that  the  chemical  processes 
in  which  nutrition  consists  would  be  changed  in  character  by  the 
molecular  changes  in  the  tissue  which  irritating  any  of  the  nerve- 
fibres  running  into  it  would  inevitably  bring  about. 

Further  consideration  of  the  six  possible  classes  of  nerves  given 
above  reveals  the  fact  that  they  may  all  be  reduced  to  two,  accord- 
ing to  the  direction  in  which  their  function  of  conducting  nerve- 
commotion  is  exercised.  The  first  four  conduct  it  outward  from 
the  nervous  centres,  and  are  therefore  called  ''  efferent ; "  the  last 
two  conduct  it  inward  toward  the  nervous  centres,  and  are  there- 
fore called  "  afferent"  Into  these  two  kinds  all  nerves  are  custom- 
arily divided,  so  far  as  their  physiological  function  is  concerned. 

§  36.  The  further  question  now  arises,  Whether  the  general  phy- 
siological function  of  these  two  principal  classes  of  nerves  differs  in 
kind  as  well  as  in  direction  ;  or  are  afferent  and  efferent  nerves  to 
be  identified  so  far  as  their  specific  neural  function  is  concerned? 
Inasmuch  as  every  nerve-fibre,  in  the  normal  condition  of  the  ner* 

1  Comp.  Sigmund  M«jer,  in  Hermann,  Handb.  d.  PhjrsioL,  11.,  L,  pp.  900  & 
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Tons  system,  is  a  stretch  of  nerrous  matter  between  two  termina- 
tions— a  point  of  origin  and  a  point  of  issue  for  the  state  of  excita- 
tion— it  might,  at  first,  seem  simpler  to  consider  it  as  intrinsically 
capable  of  propagating  nerve-commotion  in  one  direction  only.  It 
^ould  be  concluded,  then,  that  the  behavior  of  afferent  and  effer- 
ent nerves,  when  stimulated,  is  essentially  different  with  respect 
to  their  molecular  processes  Certain  phenomena  are  sometimes 
urged  in  favor  of  such  a  conclusion. 

The  application  of  heat  to  an  efferent  (or  motor)  nerve  causes  no 
<x>ntraction  in  the  muscle  which  the  nerve  supplies  ;  heat  does  not 
mppear  to  be  a  stimulus  of  such  nerves.  On  the  contrary,  GrQtzner  * 
<x>nclnded  that  heating  thiB  different  kinds  of  afferent  nerves  to 
^roTXX  about  115°  to  125°  Fahr.  does  excite  them.  The  passage  of 
d  constant  current  along  an  efferent  nerve,  so  long  as  this  cur- 
vent  does  not  suddenly  change  in  strength,  does  not  stimulate  this 
sierve  so  that  the  muscle  contracts  ;  but  such  a  current  does  excite 
xiervous  impulses  in  a  sensory  nerve.  Moreover,  certain  chemical 
substances  are  said  to  act  as  stimuli  on  efferent  nerves  which  have 
xio  such  effect  upon  sensory  nerve& 

On  the  other  hand,  the  rate  of  conduction  in  both  afferent  and 
afferent  fibres,  under  similar  conditions,  is  about  the  same.     The 
laws  which  evince  the  behavior  of  nerves  under  stimulation  by  elec- 
isricity,  and  which  are  most  relied  upon  as  a  basis  for  a  mechanical 
t.heory  of  the  nervous  system,  are  largely  the  same  for  both  kinds 
of  fibre&     There  is  a  large  amount  of  scientific  information,  called 
"general  physiology  of  the  nerves,"  which  looks  in  the  direction  of 
identifying  the  molecular  processes  in  the  two  classes  of  nerve- 
fibres.     This  is  true  in  particular  of  the  remarkable  phenomenon 
known  as  the  **  negative  variation  "  of  the  nerve-current.     More- 
over, the  marked  difference  (refen*ed  to  above)  in  the  results  ob- 
tained by  stimulating  motor  nerves  on  the  one  hand,  and  sensory 
nerves  on  the  other,  is  plainly,  to  a  great  extent,  due  to  the  differ- 
ence in  the  sources  of  the  stimulation ;  the  foi*mer  are  excited  by 
the  central  organs,  the  latter  by  the  end-organs  of  sense.    The  mo- 
lecular structure  of  these  two  sets  of  organs,  and  their  consequent 
molecular  motion  when  acted  upon  by  the  appropriate  stimuli,  dif- 
fer widely  ;  we  do  not,  then,  need  to  assume  a  specific  difference 
in  the  function  of  the  connecting  nerve-strands  in  order  to  account 
for  a  marked  difference  in  the  resulta     Thus  it  may  be  assumed 
that  molecular  disturbances,  which  would  be  quite  powerless  to  stir 
the  sluggish  muscle-fibres  when  transmitted  to  them  by  a  motor 
nerve,   would  occasion  profound   changes  in  the  more  sensitive 

*  Pfluger's  Archiv,  xvii.,  p.  215. 
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structure  of  the  ganglion-ceUs  when  iransmitted  to  the  latter  by  a 
sensory  nerve. 

Various  attempts  have  been  made  to  demonstrate,  experimen- 
tally, that  motor  and  sensory  nerves  can  perform  each  other's  func- 
tiona  Such  experiments  have  not  yet  been  altogether  successfuL 
They  consist,  in  general,  of  attempts  to  imite  by  healing  the  cen- 
tral part  of  a  divided  sensory  nerve  and  the  peripheral  part  of  a 
divided  motor  nerve,  and  then  to  show  that  the  nerve  thus  united 
discharges  certain  sensory  or  motor  functions,  as  the  case  may 
be.  Philipeaux  and  Yulpian,*  after  various  rather  unsuccessful 
attempts  of  Flourens,  Bidder,  Schiff,  and  others,  succeeded  in 
uniting  the  central  portion  of  the  lingual  (or  sensory  gustatory) 
nerve  of  young  dogs  with  the  peripheral  end  of  the  hypoglosaed 
(motor  nerve  of  the  tongue)  on  the  same  side.  Stimulation  of  the 
lingual  nerve  above  the  point  of  union  then  produced  contractions 
in  the  hypoglossal  of  the  same  side,  and  that  even  when  the  lin- 
gual was  divided  high  up  so  as  to  preclude  any  reflex  action.  But 
the  action  obtained  was  found  to  be  apparently  due  to  the  chorda 
(motor)  fibres  present  in  the  lingual.  In  1863  Bert  succeeded  in 
reversing  the  course  of  the  nerve-fibres  in  the  tail  of  a  rat,  by  bend- 
ing this  appendage  over  and  implanting  its  end  in  the  animal's 
back.  After  healing  had  taken  place,  the  transplanted  tail  was  cut 
off  near  its  origin,  and  found  to  be  sensitive — of  course,  in  the  re- 
verse direction  of  the  nerve-fibres  from  the  natural  one.  This 
experiment  would  seem,  then,  to  show  that  sensory  nerve-fibres, 
when  reversed,  can  transmit  sensory  impulses  in  the  direction 
which  was  formerly  centrifugal  The  experiments  of  Kdhne  *  and 
others  upon  the  intramuscular  ramifications  of  the  nerve-fibres  in 
the  sartorius  muscle  of  the  frog  point  in  the  same  direction.  If 
the  broad  end  of  this  muscle  be  divided  by  a  longitudinal  slit  into 
a  forked  shape,  then  stimulation  of  one  of  the  two  tines  of  the  fork 
beyond  their  division  will  stimulate  the  fibrils  of  the  other  tine ; 
that  is,  the  minute  twigs  of  the  motor  nerve  in  the  tine  which  is 
directly  stimulated  have  acted  centripetally,  and  the  excitation  has 
then  descended  the  twigs  of  the  other  tine. 

For  all  the  foregoing,  and  for  other  reasons,  we  seem  warranted 
in  assuming  that  there  is  no  such  specific  difference  in  the  func- 
tion of  the  two  kinds  of  nerves  as  is  dependent  upon  the  pecuHar 
structure  or  molecular  processes  of  each  kind.     Both  afferent  and 

*  See  Vulpian,  Le<^n8  sur  la  PhjBiologie  dn  Sjattee  Nervenz,  eto.,  pp. 
274  fiF.  ;  and  comp.  the  remarks  of  Hermann,  Handb.  d.  PhjsioL,  IL,  1,  pp. 
10  ff.,  and  of  Foster,  Text-book  of  Phjsiology,  pp.  50MK)d. 

«  Archiv  f.  Anat.,  PbysioL,  etc.,  1859,  pp.  596  ff. 
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rfferent  nenres  are  probably  capable  of  the  same  kind  of  molecular 
commotion  called  nerroos  excitation,  and  of  conducting  this  commo- 
tion in  either  direction.  The  marked  difference  in  the  results  of  the 
txereiae  of  this  function  in  the  two  cases  is  probably  due  chiefly  to 
the  difference  in  the  organs  from  which  the  excitation  of  the  nerre 
itarti,  and  into  which  it  is  discharged.  With  respect  to  neural  mo- 
lecular disturbances,  all  nerves  are  excitable,  conductors  of  excita- 
tion, and  exciters  of  nerre-cells  and  musde-fibrea  And  if  to  this 
deecription  we  add  the  statement  that  nerve-cells  can,  acting  auto- 
aataeally,  originate  this  nerve-commotion,  can  modify  its  character 
prolbandly  aa  it  passes  through  them,  and  distribute  it  in  various 
directiona,  we  state,  in  the  most  general  form,  what  is  at  present 
known  aa  to  the  functions  of  the  nervous  elements; 


CHAPTEE  IL 

COMBINATION  OP  THE  NERVOUS  ELEMENTS  INTO  A 

SYSTEM. 

§  1.  In  the  last  chapter  the  nervous  elements  were  considered,  as 
far  as  possible,  without  reference  to  their  combination  for  the  ac- 
complishment of  a  common  work.  Regarded  as  isolated,  and  as 
possessed  only  of  those  properties  which  belong  to  all  living  mat- 
ter of  the  peculiar  chemical  constitution  and  structural  form  which 
are  described  by  the  word  *'  nervous,''  these  elements  are  of  great 
interest  to  physiological  and  psycho-physical  researches.  But  in 
their  normal  position  and  activity  the  nerve-fibres  and  nerve-cells 
are  always  combined  into  certain  organs,  which  are  then  arranged 
in  a  symmetrical  whole.  Thus  combined  they  are  dependent  upon 
each  other  for  the  parts  which  they  play  in  the  entire  system.  The 
condition  and  function  of  each  element  are  thus  determined  by  the 
condition  and  function  of  the  rest  One  part  of  this  system  excites 
another,  or  modifies  the  excitation  received  from  another.  We  are 
unable  to  isolate  perfectly  any  one  of  these  elements,  and  so  study 
its  normal  functions  apart  It  is,  indeed,  possible  to  dissect  out  a 
nerve  with  a  muscle  attached,  to  keep  it  aHve  for  a  time,  and  thus 
to  inquire  what  an  isolated  nerve  will  do.  In  this  way  many  of  the 
most  important  discoveries  in  the  general  physiology  of  the  nerves 
have  been  made.  But  every  nerve  is  itself  a  compound  of  nervous 
elements  which  have  been  placed  for  purposes  of  experiment  under 
abnormal  conditions.  The  action  of  the  nerve-cells*  even  when 
gathered  into  small  masses  called  ganglia,  is  not  open  to  direct  in- 
spection. ^Moreover,  when  different  tracts  of  nerves,  or  difBarent 
regions  in  the  central  organs  where  ganglion-cells  abound,  are  par- 
tially isolated  by  being  laid  bare  for  the  direct  application  of  stimu- 
lus, just  so  far  as  they  are  separated  from  the  system  they  are  in 
abnormal  condition  and  show  abnormal  results ;  and  just  so  bur  as 
they  are  normal  in  condition  and  function  they  are  still  connected 
with  the  system.  It  is  the  mutual  condition  and  redprooal  aotioQ 
of  the  elements,  when  combined  into  this  totality,  which  oonsliiiifte 
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the  nervous  mechamsm.    A  brief  description  of  the  manner  of  i 
combination  is,  then,  indispensable  at  this  point 

§  2.  It  will  be  of  great  service  toward  understanding  such  a  d 
flcription  if  it  is  begun  under  the  guidance  of  some  appropriate  idei 
J^erve-fibres  and  nerve-cells  exist  in  enormous  numbers  within  tht 
liiiman  nervous  system,  and  are  combined  in  different  proportiom 
'to  make  the  di&rent  organs  of  this  system.  The  significance  ol 
'the  combination  appears  only  in  the  light  of  reflection  upon  the 
aunount  and  kind  of  work  which  is  to  be  done.  The  office  of  the 
nervous  mechanism  has  been  said  (p.  18  f.)  to  be  tliat  of  "  concate- 
•Jiating  "  all  the  functions  of  the  living  body  in  accordance  with  the 
<x>mplez  internal  and  external  conditions  to  which  it  is  subject, 
^ut  in  the  case  of  any  of  the  higher  animals,  and  especially  in  the 
<»8e  of  man,  this  one  office  requires  the  doing  of  a  quantity  and 
"wariety  of  work  that  are  proportionate  to  the  complexity  of  these 
<:onditiona  How  shall  such  a  quantity  and  variety  of  work  be  done  ? 
^o  answer  this  question  may  be  said — speaking  figuratively — to  be 
'Uie  problem  before  the  nervous  system.  The  actual  arrangement 
of  the  elements  of  this  system,  in  the  exercise  of  their  reciprocally 
^Qonditioned  activities,  is  the  solution  of  the  problem.  As  in  all 
"Very  complex  questions  of  this  sort,  so  this  particular  problem  is 
>lTed  by  a  wise  division  of  labor. 

The  manner  in  which  the  human  nervous  mechanism  is  developed 
a  response  to  the  before-mentioned  problem  is  made  clear  by  con- 
sidering, in  the  first  place,  a  much  simpler  form  of  the  same  prob- 
lem.   The  simple  protoplasmic  speck  called  an  nm(i>l):i  may  be  con- 
Bidezed  as  a  living  molecular  meclianism.     It  aj^peni-s,  even  under 
"tfae  higher  powers  of  the  microscope,  as  almost  wholly,  if  not  quite, 
composed  of  undifferentiated  protoplasm,  in  the  midst  of  which,  as 
B  rule,  lies  a  single  nucleus.     If  differentiated  at  all«  it  may  be  ob- 
served  to  have  a  somewhat  solid  external  layer,  called  an  ectomrr, 
«nd  a  more  fluid  granular  interior,  called  endosarc.     But  minute 
and  almost  structureless  as  it  appears,  the  amoeba  is  really  com- 
posed of  a  great  number  of  molecules  that  arc  nndergoinp^  constant 
change  ;  and  it  is  capable  of  exercisinpf  several  wonderful  functions 
that  do  not  belong  to  any  non-living  collection  of  molecules.  Its  sub- 
stance is  metabolic,  respiratory,  reproductive.     The  protoplasm  of 
the  amoeba  is  the  subject  of  constant  chemic^  alterations,  by  which 
the  old  protoplasm  is  broken  up  and  its  products  cast  off,  while 
new  protoplasm  is  formed.     Oxygen  is  assumed  by  this  substance 
and  carbonic  acid  excreted.     The  unit  which  is  constituted  by  the 
ameeba  may,  by  fission  (or  by  other  means),  divide  into  two  parts, 
«ach  of  which  becomes  a  fresh  unit.    But  more  important  for  our 
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purpose  is  the  ^t  that  the  amoeba  is  irritable  and  antomatie.  It 
is  ahDost  unceasiDglj  in  motion.  It  is  liying  matter  ;  and  when 
acted  on  bj  stimuli,  it  suffers  an  explosion  of  energy  which  gener- 
ally results  in  a  change  of  place  and  form.  Inasmuch  as  these  pe- 
culiar '*  amceboid  "  movements  seem  substantially  identical  with 
those  which  occur  in  a  muscle  and  result  in  its  contraction,  the 
animalcule  may  be  said  to  be  contractile.  But  inasmuch  as  some 
of  these  movements  cannot  be  ascribed  to  irritation  of  the  external 
molecules  of  the  amoeba  by  the  surrounding  medium,  but  seem 
rather  to  be  due  to  energy  set  free  in  consequence  of  unknown  in- 
ternal changes,  we  call  it  automatic.  We  say,  "  it  has  a  will  of  its 
own.**  Thus  does  the  molecular  mechanism  of  this  small  bit  of 
protoplasm,  under  the  stimulus  of  changes  in  the  pressure  and 
temperature  of  its  medium,  and  in  accordance  with  the  unknown 
laws  of  its  internal  self-originating  changes,  solve  the  problem  pre- 
sented  to  it 

Let  it  be  supposed  that  the  problem  becomes  more  complicated, 
and  the  animal  structure  which  is  to  solve  it  correspondingly  com- 
plex. The  metabolic  function  of  the  animal  may  then  be  assigned 
to  a  separate  system  of  structures ;  and  the  closely  related  secretory 
and  excretory  functions  as  welL  The  reproductive  function  may 
then  also  acquire  its  own  peculiar  organ&  The  muscles  perform 
movements  in  masses  because  they  retain  in  an  eminent  degree  the 
'*  amoeboid  "  contractility.  But  the  property  of  being  irritable  and 
automatic  becomes  the  special  endowment  of  the  nervous  system. 
All  these  different  systems,  in  order  that  they  may  be  moved  in 
united  masses,  are  then  adjusted  to  a  mechanical  framework  (of  in- 
different value  so  far  as  really  vital  changes  are  concerned)  of  carti- 
lage, bone,  etc. 

But  the  eminently  irritable  and  automatic  system  of  molecules 
called  nervous  must  undergo  a  further  differentiation  of  function. 
In  the  structureless  protoplasm  of  the  amoeba,  the  external  mole- 
cules are,  of  course,  the  ones  primarily  to  be  affected  by  the  exter- 
nal stimuli.  It  is  with  the  internal  molecules,  on  the  other  hand, 
that  the  changes  called  ''  automatic  "  begin.  But  the  conttnual 
flux  of  its  protoplasmic  substance  indicates  that,  in  its  simplest 
form,  any  of  the  molecules  of  the  animalcule  may  in  turn  act  either 
as  irritable  or  as  automatic.  The  primary  differentiation  of  this 
substance  into  ectosarc  and  endosarc  points,  however,  to  a  division 
of  labor. 

By  this  primary  differentiation  of  the  substance  of  the  ^Tiin^rf^ 
one  cell,  or  group  of  cells,  becomes  more  eminently  irritaUe, 
another  automatia     The  former  has  thus  been  fitted  for  the  qie- 
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cial  woik  of  respoDding  to  external  stimuli  by  yital  impulRes  . 
the  latter  for  that  of  initiating  so-called  automatic  impulsea  The 
position  of  the  former  in  the  animal  mechanism  vrill  then  natu- 
rally be  at  the  sur&ce,  where  it  can  be  acted  upon  by  the  appro- 
priate external  stimuli ;  the  position  of  the  latter  will  naturally  be 
withdrawn  from  the  surface,  where  it  can  be  pi*otoctc<l  from  such 
stimuli  and  left  undisturbed  for  action  that  is  cither  automatic 
or  excited  by  only  internal  stimuli  But  if  the  two  kinds  of  sub- 
stance are  to  perform  one  work,  although  by  division  of  labor, 
they  must  be  connected ;  that  is,  the  eminently  irritable  protoplasm 
of  the  surface  must  be  joined  by  irritable  protoplasmic  material 
with  the  eminently  automatic  protoplasm  of  the  interior.  Three 
sets  of  organs  are  then  called  for  in  this  rudimentary  differentiation 
of  the  nervous  substance :  (1)  superficial  cells  susccptil^lo  to  exter- 
nal stimuli ;  (2)  central  and  eminently  automatic  cells,  also  suscep- 
tible to  internal  stimuli  ;  (3)  a  strand  of  irritable  protoplasm  con- 
necting the  two. 

Yet  one  more  step  in  the  distribution  of  functions  between  the 
irritable  and  the  automatic  protoplasm  of  the  complex  animal  or- 
ganism must  be  taken,  in  order  to  reach  the  fundamental  triple  ar- 
rangement of  a  nervous  system.  The  system  of  eminently  contrac- 
tile tissue  caUed  muscular  must  be  brought  into  connection  with  the 
parts  already  described.  In  order  that  the  more  highly  organized 
animal  may,  like  the  amceba,  both  have  and  exercise  '*  a  will  of  its 
own,"  certain  of  its  muscle-fibres  must  be  placed  under  the  control 
of  the  central  and  automatic  cells.  In  order,  also,  that  the  entire 
muscular  system  may  feel  the  reflex  influf  ncc  of  external  Htimuli, 
and  so,  by  co-ordinated  contractions  adapt  the  organs  of  the  body 
to  the  changes  of  its  environment,  the  muscle-fibres  must  be  indi- 
rectly connected,  through  the  automatic  cells,  with  such  superficial 
cells  as  are  sensitive  to  these  stimuli.  The  nervous  system,  there- 
fore, in  its  most  fundamental  form  consists  of  these  three  sefs  of 
contrivances  with  their  respective  functions :  (A)  sensitive  cells 
upon  the  surface  o^the  body  ;  (/i)  centml  cells  that  are  both  auto- 
matic and  modifiers  and  distributers  of  sensory  impulses;  ((')  con- 
necting cords,  or  sti*ands,  that  can  convey  the  nervous  impulses 
either  centripetally  from  A  to  B,  or  centrifugally  from  IJ  to  the  C(^n- 
tractile  muscular  tissues  of  the  body. 

Higher  developments  of  this  triple- formed  fundamental  t^^pe  of 
a  nervous  system  are  reached  by  further  differentiations  of  A,  B, 
and  C  If  various  kinds  of  stimuli  are  to  act  upon  this  system, 
then  the  sensitive  cells  upon  the  surface  (A)  must  be  modified  into 
various  external  organs  of  sense ;  and  with  these  organs  the  ter- 
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minations  of  the  centripetal  or  sensory  nerrons  strands  must  be 
variously  connected.  The  terminations  of  the  centrifugal  or  motor 
nerrous  strands  may  also  be  variously  modified  so  as  to  connect 
with  and  control  the  contractile  tissue  of  many  sets  of  musdea 
The  central  cells  may  be  variously  grouped  and  arranged,  with 
functions  more  or  less  localized,  so  as  to  receive,  modify,  and  dia- 
tribute,  in  manifold  ways,  the  different  sensory  impulses ;  and  so 
as  to  co-ordinate  these  impulses  for  definite  results  in  the  periph- 
eral  parts  of  the  body.  Other  such  central  cells  may  become  more 
particularly  related  to  the  phenomena  of  conscious  sensation  and 
vohtion.  Such  a  highly  developed  nervous  system  will  then  con- 
sist of  the  following  parts  :  (A)  End-organs  of  Sense,  like  the  skin, 
the  eye,  and  the  ear  ;  {A ')  End-organs  of  Motion,  like  the  so-called 
motor  end-plates  and  terminal  nerve-bulbs ;  (B)  Central  Organs^ 
like  the  various  peripheral  and  sporadic  ganglia,  the  spinal  cords 
and  brain,  in  which  may  come  to  exist  (6)  certain  portions  more 
distinctively  automatic,  (&')  certain  others  more  concerned  in  re- 
ceiving and  distributing  reflexly  the  sensory  impulses,  and  (6")  still 
others  more  particularly  connected  with  the  phenomena  of  con- 
sciousness ;  and  (C)  Conducting  Nerves,  which  will  be  either  (c) 
centripetal,  afferent,  and  sensory,  or  (c')  centrifugal,  efferent,  and 
motor,  designed  to  connect  the  central  organs  and  the  end-organs. 
We  are  now  to  consider  the  details  with  which  such  a  highly  de- 
veloped nervous  system  is  actually  constructed  in  the  case  of  man. 
Our  guides  will,  of  course,  be  anatomy  and  histology. 

§  3.  In  the  manner  already  described  (Chapter  L,  §  19)  the  indi- 
vidual nerve-fibres  are  collected  and  bound  together  in  fascidee  or 
groups  of  fascicles,  called  nerves,  and  in  larger  bundles  or  nerve- 
trunks.  The  nerve-cells  are  grouped  into  minute  masses  of  nervous 
matter,  such  as  the  sporadic  ganglia  found  in  the  sinas»  auricular 
walls,  and  auriculo-ventricular  groove  of  the  heart ;  or  they  are 
gathered  into  larger  bodies,  intersected  with  most  intricate  ramifi- 
cations of  the  nerves  and  interspersed  with  the  finely  granular  sub- 
stance called  neuroglia,  such  as  constitute  the  various  parts  of  the 
brain  and  spinal  corci 

§  4  The  nerves  and  ganglionic  masses  of  nervous  matter  in  the 
human  body  are  arranged  in  two  great  systems^  the  Sympathetic 
and  the  Cerebro-spinaL  The  Sympathetic  Nervous  System  consists 
of  a  pair  of  nervous  cords,  situated  one  on  each  side  of  the  spinal 
column  ;  of  three  main  plexuses,  situated  in  the  cavities  of  the 
thorax  and  abdomen  ;  of  a  great  number  of  smaller  ganglia,  lying 
in  relation  with  the  viscera  of  the  same  cavities,  and  widdy  distrib- 
uted over  the  body,  especially  in  connection  with  the  vaaoolar  fljye- 
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tern  ;  and  of  a  great  multitade  of  fine  distribntory  nerves.  Each 
of  the  two  cords  consists  of  a  number  of  ganglia  united  by  interme- 
diate nerves.  In  the  other  regions  of  the  spinal  column  the  num- 
ber of  these  ganglia  equals  that  of  the  vertebra)  (sacral  5,  lumbar 
5,  thoracic  or  dorsal  12),  but  in  the  neck  (cervical)  there  are  only 
3.  From  this  gangliated  cord  a  communicating  and  a  distribn- 
tory series  of  nerve-branches  are  derived.  By  the  communicating 
branches — each  of  which  contains  not  only  non-medullated  nerve- 
fibres  from  the  sympathetic  system  to  the  cerebro-spinal  nerves, 
but  also  medullated  fibres  from  the  cerebro-spinal  to  the  sympa- 
thetic— the  two  systems  are  brought  into  close  anatomical  and 
physiological  relation,  and  a  kind  of  double  interchange  takes  place 
between  them.  The  distribntory  branches  of  nerves  in  the  sympa- 
thetic system  bring  the  gangliated  cord  into  connection  with  the 
blood-vessels  and  viscera  of  the  body.  The  involuntary  muscles 
in  the  coats  of  these  vessels  and  in  the  walls  of  the  viscera  are 
Ihus  bound  together,  and  through  the  sympathetic  fibres  brought 
xmder  the  control  of  the  cerebro-spinal  axi&  The  three  main  plex- 
uses referred  to  are  collections  of  nerve-cells  and  a  dense  plexiform 
arrangement  of  nerve-fibres.  One  of  them  is  situated  at  the  base 
of  the  heart,  to  which  it  gives  off  branches  that  wind  around  that 
organ  and  penetrate  its  muscular  substance  ;  another  is  placed  at 
the  upper  part  of  the  abdominal  cavity,  and  gives  origin  to  numer- 
ous plexiform  branches  that  supply  the  viscera  of  the  abdomen ; 
the  third  is  in  front  of  the  last  lumbar  vertebra,  and  supplies  the 
vaso-motor  nerves  and  nerves  of  the  muscular  coats  and  mucous 
membranes  of  the  various  organs  in  that  region  of  the  body.  Fur- 
ther details  in  the  anatomy  of  the  sympathetic  nervous  system  are 
of  Uttle  interest  to  psycho-physical  studies.  To  such  studies  it  is 
of  great  interest,  however,  to  know  that  this  system  forms  a  bond 
between  the  sensations,  emotions,  and  ideas  which  have  their 
physical  basis  in  the  molecular  condition  of  the  cerebro-spinal 
centres,  and  those  various  organs  in  the  thoracic  and  abdominal 
regions  whose  condition  is  so  closely  related  to  such  psychical 
statea  The  effect  of  certain  emotions,  for  example,  upon  the  con- 
dition of  the  circulation,  digestion,  etc.,  is  too  well  known  to  re- 
quire a  lengthy  statement 

§  6.  The  Brain  and  Spinal  Cord  are  the  great  centres  of  the  cere- 
bro-spinal system.  These  bodies  are  situated  in  the  bony  cavity  of 
the  skull  and  spinal  column.  They  have  three  Coverings  or  Mem- 
branes, the  innermost  one  of  which  is  directly  united  with  the  sur- 
face of  the  nervous  substance,  and  sends  numerous  processes  into 
its  interior.      (1)  The  Dura  Mater,  which  is  the  membrane  lying 
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nerves  pierce  the  latter  membrane.  The  space  below  Hub  surface 
is  cMed  subarachnoid  ;  the  subarachnoid  or  oerebro-spinal  fluid  (al- 
ready referred  to  as  filling  the  interconmiunicating  compartments 
into  which  this  space  is  divided  by  bundles  of  delicate  areolar  tis- 
sue) is  alkaline  and  poor  in  albumen.  (3)  The  Pia  Mater  is  a  vas- 
cular membrane,  a  minute  network  of  fine  branches  of  arteries 
and  veins  held  together  by  delicate  connective  tissue.  These  rami- 
fications of  the  blood-vessels  in  the  pia  mater  are  on  their  way  to 
or  from  the  nervous  substance  of  the  spinal  cord  and  brain.  The 
membrane,  therefore,  closely  invests  this  substance,  being,  how- 
ever, more  intimately  attached  to  the  cord  than  to  the  brain.  Un- 
like the  arachnoid  membrane,  the  pia  mater  dips  into  the  fissures 
between  the  convolutions  of  the  cerebrum.  It  also  sends  its  pro- 
longations, not  only  into  the  fissures  of  the  cord,  but  also,  as  slen- 
der bands  {Irabeculus)  from  its  inner  surface,  into  the  columns  of  the 
cord.  These  trabecukc  branch  and  anastomose  within  the  white 
substance  of  the  cord  like  the  midiib  of  a  leaf.  The  pia  mater 
is  well  supplied  with  nerves. 

By  these  three  membranes  the  nervous  masses  of  the  cerebro- 
spinal system  are  protected,  held  together  and  in  place  with  a  soft 
and  yielding  but  sufficiently  firm  pressure,  and  nourished  by  the 
blood.  This  great  nervous  system,  as  a  whole,  consists  of  the  cen- 
tral organs — spinal  cord  and  brain — and  of  various  roots,  divisions, 
and  branches  of  spinal  and  cranial,  or  encephaUc  nerves. 

§  6.  The  Spinal  Cord,  or  Medulla  Spinalis^  extends  in  the  spinal 
canal  from  the  aperture  in  the  cranial  cavity  {foramen  magnum)^ 
above  which  it  is  continuous  with  the  medulla  oblongata,  down- 
ward to  opposite  the  body  of  tlie  first  lumbar  vertebra,  where,  after 
tapering  off,  it  is  spun  out  into  a  slender  thread  of  gray  nervous 
substance  (Jilum  terminale)  that  lies  in  the  axis  of  the  sacral  canaL 
Its  length  is  from  fifteen  to  eighteen  inches  ;  its  weight,  when  di- 
vested of  membranes  and  nerves,  about  an  ounce  and  a  hal^  or  not 
far  from  one  thirty-third  of  that  of  the  brain.  It  is  nearly  cylin- 
drical in  shaj^c,  its  front  and  back  surfaces  being  somewhat  flat- 
tened ;  it  has  two  considerable  enlargements  of  its  girth — an  up- 
per (cervical),  from  which  arise  the  nerves  that  supply  the  upper 
limbs  ;  and  a  lower  (lumbar),  which  supplies  the  lower  limbs  with 
nerves. 

§  7.  The  external  structure  of  the  spinal  cord  requires  us  to  no- 
tice (1)  the  Fissures  whicli  almost  completely  divide  it  for  its  whole 
length  into  right  and  left  (lateral)  hidves,  and  are,  therefore,  fitly 
called  '*  median  ; "  of  these  fissures  (a)  the  one  in  front  {anterior 
median)  is  somewhat  broader  than  (6)  the  one  behind  {poalerior 


B 


^    *^ 


v'^   / 


^vj*--*-^  Anterior,  and  B,  Poiiterlor.  Vtew  of  tho 

^!^  Oonl  and  Madnlla  OblomntU.    B'.  the  Pilnm 

"™*»»*le,  which  has  been  cut  off  from  A  and  B.    1, 

^'JlJ^ida  of  the  medulla,  and  1'.  their  decuMwUon. 

^rj*^«* :  a,  lateral  Rtrandnof  the  medulla ;  4',  cala- 

T^  ■<=Hptoria« ;  B,  the  fnnfcalna  Ktacllii :  and  8, 

"7^**micaloa  coneatna :  7.  the  anterior,  and  0,  the 

K**»1or,  flMiinm ;  8,  the  antero-lateral  ImpreMiion ; 

g?Ly^**«ro>lategal  gnxnre.    0,  the  cenrioal,  and  L, 

uM  iQmtMur,  elUazfcmanta  of  Uie  oord. 


10- 


10 


00  THE  SPINAL   COED. 

ma/ton).  Both  ore  filled  to  their  bottom  vilh  prooc— co  of  the  pu 
mater ;  Rsd  the  ddea  of  the  posterior  fissure  are  bound  closely  to- 
gether hj  the  same  membraD& 

Each  of  these  symmetrical  and  nearly  baU-^^lindrical  halvea  of 
the  oord  is  subdivided  by  the  lines  of  the  entrance  of  the  posterior 
and  anterior  nerve-roote  into  (2)  three  Colomns :  (a)  the  anterior, 
Tvhich  lies  between  the  anterior  median  fissure  and  the  anterior 
roots ;  (6)  the  posterior,  which  lies  between  the  posterior  median 
fissure  and  the  posterior  roots ;  and  (c)  the  laleral  coluvm,  which 
lies  at  the  side  of  the  cord  between  the  other  two  columns. 

(3)  The  Commissures  of  the  spinal  cord  are  two  bands  of  ner^ 
,      .  Toua  matter  which  unite 

its  halves,  thus  prevent- 
ing it  from  being  com- 
pletely separated  into 
1  two  portions  by  the 
fissures.  The  one  in 
front,  at  the  bottom  of 
the  anterior  median 
fissure,  is  composed  of 
tiansverse  nerve-fibres 
and  is  caUed  (a)  the 
anterior  white  commig' 
sure ;  the  one  behind, 
at  the  bottom  of  the 
posterior  fissure,  is  (6) 
the  posterior  gray  com- 
missure. The  gray 
commisBore  is  nearly 
Fio.i*.-A,Ant»rk>r..nrtii.i*i«.i.vi<.woi.Portk«(.ith.  t^^^e  as  large  as  the 

Si[a.';::.'5-i^;;:s;i:^i:.'.-^^,^'r.v-^*5::^  ^^^^  *«*p'  ^t  the 

froni  tiuipo>urro-i«<r>igr«]H,>ndDnitiaiiintiiUiBut»  Ui^i^ements  of  the  oord, 
where  the  white  is 
larger.'  Along  its  whole  length  the  gray  commissure  incloses  a 
circulnr  or  elliptical  cannl  {feiilral  canal),  whose  diameter  is  aboat 
one-tweDty-fiftli  of  nn  inch  and  which  is  lined  by  ciliated  cells.  Near 
the  ccntml  canal  lies  a  thiu  layer  of  gelatinous  substance.  IDie  rest 
of  the  gray  comniiasure  consists  for  the  most  part  of  extremdy  fine 
nerve-fibres  devoid  of  inedullnry  sheath;  while  the  white  eom- 
missuro  is  comj>osed  of  medullated  fibres.     The  thicknew  of  Um 


'  See  Ueule,  ADitomie  des  Meotcben,     Text,  p.  8 
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1  to  tho  toM)  oF  Llie  c 


k  proportioual  t 

Ur  form,  i 

n  different  sections  of  its  teugtli. 


i  thei;  paiM  iota  tbe  lateral 


of  tbe  B[iluul  eord  ehow  uh  that,  aB  its 
I  app«UM>o«  would  indicate,  tbe  aubstaace  of  which  it  i§ 
eampoaMl  it  ursitged  in  two  Bvnimcti'ical  bolvea,  nliiioat,  but  nut 
ijattii  w>(»r«t«d  bjr  Um  meiUau  datun^B.  Tliia  subatauce.  like  thitt 
<l  aO  Ihfl  DUTous  eantr«8,  couaiHis  of  botb  wbite  and  gmy  nervous 
BMtter.  TIm  former  m  eitcrtiul  and  coin|tu&«8  tlie  coliinina  uf  tbu 
«ocd  ;  whil*  tbe  latter  is  iuterunl  and  is  surrounded  hy  tho  white 
Th»  niaikkf  UDOtrat  of  ttio  two  kindit  of  nervous  innttt^r  varies  in  Ihti 
tlMutai  jmitm  uf  tbe  cord.  At  it«  bet;iiiuiii);  from  th^JUuin  Icnni- 
«^  ■arrely  uit  wbil«  uiattiT  appears  ;  the  amount  of  BUch  matter, 
WwirtwT.  incTvase*  from  below  upward,  and  is  liugest  In  llio  (-i-rvi- 
al  put  of  tbe  «i>rd.  Th«  amount  uf  dray  matt«r  is  greatest  in  the 
ifpt  and  luw«r  vidar^ments  of  tbe  cord. 
~  a  ipmj  columua  uii  eitlivr  sida  of  tbe  cord,  together  with  the 
nna  wbifh  uiiit«  tbem,  form  a  figure  aoniewbnt  like  a  largo 
X  •  «ith  ilitvrging 
t  tbe  lataral  masHm 
ot-ahapcd  bodies 
r  in  tbo  thors'-i': 
t)  reiciiin,  and  bctuwlsr 
■1  and  lumbar  «b- 
SnnwtimM  Um  j 
I  ntber  lika  Ibat  of  *  I 
t,or  apair  of  buttrrflJM^  ' 

The  two  Utnba  of  aadi 
r  lb*  flgnre  Into  wbieh 

rar    mlaniDt   aro    tbas  n*.  B.-iyM«m  a-dt^,  >h»wt>  tin  tp<>»t 
I  anj  rallM  (4)  Homa;  '    "' " 


M  tb»  fiMirtnr  lon(f  and 

Tbo  dtnsioD  intn  an-     ^ 


&  wliieli  ■■  well  tuarlcMl 

nnal  sarfaea  o/  thn  iigiiual  eoni,  is  K^wluallr  lost  as  we 
1  toward  tbo  omtrol  gray  unbotancw.     Of  tlin  two  boma 

I  M»,  Um  aatador  baa  tbe  appearnnoa  of  "  apongy  aub- 
'  r  of  a  kernel  of  Hoeh  aobataace  surrousdcd  bjr 


'  Cbafol  atodj  of  Iba  ^ual  cord  witb  lb«   bigber  poweca 
Hope  baa  ettablad  hiatologisU  to  doaeribe  witb  fuilber 
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deUik  the  manner  in  which  the  neiraiu  elemontii,  boUi  fibrill«r  tnA 
graiialar,  nrc  Mrangt^d  within  the  connectiTe  substoiice. 
The  Whit«  Substance  of  the  BpiDul  cord,  boault^s  cotmectnr*  tis- 
eu«  luiil  lyiu)ih-  had  biood- 
TeBRela,  la  cumjiosed  uf 
ncrrc-fibrea  of  company 
tin'lv  htrge  or  of  mmltni 
size.  Tbt-  caoeutiul « 
uont  of  those  fibreB  ii 
axis-t^'Uniltr,  th«  diiuncU 
of  which  in  gfwrall  V 
tliirxl  oroD«-toiirth  of  1 
hrwullh.  Vriwn  folly  t 
velopeil.  tUey  m*  rtuvlj  or 
never  without  a  tnedulhuj 
mliiHtth,  but  iirohahly  bsro 
uo  uourilemma.  Their  di- 
ameter is  not  constant ; 
llid  thiekcBt  fibres  ( „«„  to 
,g'pg  of  an  inch^  are  fuund 
in  theouter  portions  of  the 
anterior  column^  where 
^w  I  tlieir  stxe  is  tolemlily  nni- 
»»r  forai.  In  the  later«l  col- 
uni  umna  Iho  ner*e-Sbn?8  \ary 
grcjilly  in  sixi!,  the  finnr 
ones  lying  inward  near  thu  ^my  matter.  In  the  i>oBt«rior  coluiuna 
they  iucrenso  in  tliickneaa  as  tlioy  approach  the  posterior  gray  ccm- 
misaure.  lu  the  upper  thoracic,  anil  through  the  whole  of  the  cer- 
vical, region,  there  is  found  a  wedge-ahapet]  bundle  of  fine  fibi 
that  ia  scpnmtci]  off  from  tht?  posterior  columns  toward  the  midJI 
line  of  thecord  hy  u  strong  septum  ;  tliiaisealled/iMt^u/u«^ 
or  "column  of  GoU." 

The  direcliou  of  some  of  the  nerve-fibres  in  tlic  white  a 
of  the  cord  is  ^-ertical,  of  otheiM,  horizontal,  of  atill  othen.  obliqi 
The  Tcrtical  fibres  are  most  abundant,  are  uniteil  with  a  [ 
arranr^meDt  into  fnseiclcs  of  various  sizes,  and  naotind  toward  t 
brain.     Horizontal  fibrca  in  the  white  substance  of  the  spinal  o 
are  of  t\ro  kinils — commissural  fibres  and  tibres  of  the  irwts. 
fibres  of  the  wliite  commissure  run  horizon tnlly  nl"nij  tlie  mediai 
border  of  tlie  gray  nintler  of  tlie  horuH,  luid  bei^oiun  interwoven  wi| 
the  vertical  buudlea  of  the  anterior  columna     Miwt  of  them  [H 
from  the  subiitance  of  thu  anterior  horn  uf  one  side  uoruw  lo  tfa* 
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snterior  coliimii  of  the  other  aide.  The  fibres  of  Uie  posterior  spi- 
nal roots  mn  in  a  nearly  horizontal  direction  inward  ;  thej  divide 
into  anastomosing  bundles  so  minute  and  so  intricately  interwoven 
^th  the  vertical  fibres  of  the  posterior  column  that  their  course 
ia  difficult  to  trace.  Part  of  them  (the  lateral  ones)  run  directly 
into  the  mb^antia  gelatinoea  of  the  posterior  horns,  and  are,  per- 
haps, continnoas  with  the  axia-cylinder  processes  of  the  nerve-ceUs 
of  its  spongy  kernel ;  part  of  them  appear  to  enter  the  gray  8ul> 
stance  of  these  boms  only  after  curving  and  running  a  variable  dis- 


twice  upward,  or  perhaps  downward,  in  the   posterior  columiiH. 

The  fibres  of  the  anterior  roots  of  the  spinnl  cord  traverse  its  white 

™l»8tance  obliquely  ;  some  of  tbem  enter  the  gray  matter  of  the 
""terior  boms  on  the  same  side,  where  they  probably  become  con- 
™'OouB  with  the  axis-cyhnder  processes  of  its  large  gangUon-cells  ; 
'^o^rs  of  them  pass  through  the  anterior  commissure  to  the  other 
^e  of  the  cord  ;  still  others  pass  into  the  lateral  columns  and  the 
P'**terior  horns. 
Ihe  Gray  Substance  of  the  spinal  cord,  in  addition  to  the  same 

'''■Utitoents  as  those  of  the  white  substance,  has  numerous  nerve- 
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oella.  Its  nerve-fibres,  which  form  the  chief  part  of  its  mass,  and 
are  generally  non-medollated,  differ  from  ihoee  of  the  white  sub- 
stance in  that  they  frequently  subdivide  and  thus  become  attenu^ 
ated  into  extremely  minute  plexuses.  The  ganglion-cells  of  the 
spinal  cord  are  multipolar,  and  give  off  two  kinds  of  processes ;  one 
an  unbranched  axis-cylinder  process  and  the  others  branching  pro- 
cesses, both  being  of  a  fibrillated  character  (comp.  Chap.  L,  ^  28 
and  29).  The  unbranched  processes  of  the  ganglion-cells  of  the 
anterior  horns  are  probably  continuous  with  the  axis-cylinders  of 
the  nerve -fibres  of  the  anterior  spinal  roota  Of  most  of  the  simi- 
lar processes  from  cells  in  the  posterior  horns  we  cannot  yet  make 
the  same  affirmation.  The  branching  processes  of  the  nerve-cells 
were  traced  by  Gerlach  *  until  he  thought  himself  able  to  affirm 
that  their  finest  ramifications  participate  in  those  plexuses  of  nerve- 
fibres  which  he  regards  as  an  essential  constituent  of  the  gray  sub- 
stance of  the  cord.  Henle  *  and  others  consider  the  fate  of  these 
processes  to  be  still  unknown. 

Characteristic  groups  of  ganglion-cells  occur  at  various  places  in 
the  sections  of  the  gray  matter  of  the  spinal  cord.  In  the  anterior 
horns  of  the  cervical  and  lumbar  regions  are  three  groups  of  large 
cells  ;  one  of  these  is  on  the  side  of  the  horn  (lateral),  one  farther 
to  the  front,  one  on  its  median  border.  They  all  coalesce  in  the 
anterior  horns  of  the  thoracic  region.  In  the  anterior  horns  also 
occur  isolated  nerve-cells  of  different  sizes.  The  middle  part  of 
the  gray  lateral  halves  of  the  spinal  cord  contains,  in  parts  of  the 
cervical  and  thoracic  regions,  isolated  groups  of  cells  ;  one  impor- 
tant group  is  situated  at  the  inner  angle  of  the  base  of  the  posterior 
horn,  and  is  called  the  **  columns  of  Clarke."  The  other  nerve-cells 
of  the  posterior  horns  ore  small,  and  are  not  collected  into  groups, 
but  are  distributed  through  that  part  of  the  substance  of  the  horns 
which  is  also  traversed  by  the  above-mentioned  fine  plexuses  of 
nerve-fibres  (see  Fig.  17). 

§  10.  By  careful  counting,  R  A.  Birge '  ascertained  the  number 
of  the  elements  in  the  spinal  cords  of  several  frogs.  From  his  con- 
clusions something  may  perhaps  be  gained  toward  forming  a  better 
conception  of  this  organ.  In  seven  cases  Birge  found  that  the  num- 
ber of  fibres  in  the  anterior  roots  varied  from  5,984  in  the  smallest 
animal  to  11,468  in  the  largest ;  the  number  increasing  at  the  rate  of 
about  one  thousand  four  hundred  and  fifty  motor  fibres  to  each  added 
ounce  of  weight  (51.5  to  the  gram).     The  diameter  of  the  fibres  vras 

'  See  in  Strieker's  Human  and  Comparative  Histology,  IL,  pp.  352  if. 

'  Anat.  des  Menschen.     Text.  pp.  810  ff. 

*  Arohiv  f.  Anat.  u.  Physiol,  1882,  Physiolog.  Abth.,  pp.  485-479. 
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also  fonnd  to  be  much  enlarged,  according  to  the  size  and  weight  of 
the  animal ;  and  the  average  diameter  widely  different  in  the  diffbrent 
nerve-roota  For  example,  it  varied  from  3,550  fibres,  in  the  sev- 
enth pair  of  nerves,  to  14,133  in  the  tenth  pair,  for  a  cross-sec- 
tion one  twentj-fifth  of  an  inch  square.  So,  too,  were  the  so- 
called  motor-cells  of  the  anterior  gray  columns  found  to  vary  from 
4,871  to  11,517,  according  to  the  weight  of  the  animal.  It  was 
found  that  the  large  masses  of  cells  lie  in  two  principal  groups, 
corresponding  to  the  cervical  and  lumbar  euku'gements  of  the 
cord. 

§11.  It  would  be  of  great  interest  to  our  inquiries  if  it  were 
possible  to  give  a  complete  description  of  the  tracts  of  the  nerve- 
fibres  in  their  passage  along  the  spinal  cord  ;  but  it  is  impossible 
for  the  microscope  to  imravel  them,  and  the  evidence  of  physiology 
is  (as  we  shall  see  subsequently),  somewhat  doubtful  and  even  con- 
flicting. Of  late,  however,  certain  of  these  paths  have  been  traced 
with  considerable  certainty  by  combining  the  methods  of  embry- 
ological  and  pathological  observation.  In  the  development  of  the 
spinal  cord,  the  medullary  substance  of  the  nerve-fibres  along  cer- 
tain tracts  of  the  white  columns  is  formed  later,  so  as  to  render 
them  distinguishable  in  cross-sections.  Moreover,  when  the  nerve- 
fibres  are  separated  from  their  place  of  origin,  degeneration  of  their 
elements  takes  place.  The  place  of  the  degenerated  nervous  sub- 
stance is  taken  by  connective  tissue,  which  behaves  differently  un- 
der the  influence  of  staining  fluids.  By  following  the  course  of 
this  degeneration  toward  their  periphery,  the  paths  of  conduction 
in  the  nerves  may  be  traced.  Some  time  ago,  Tiirck '  attempted  to 
mark  out  certain  motor  tracts  in  the  broiu  by  using  this  process  of 
degeneration  as  his  guide.  Our  great  authority  at  present  on  the 
paths  of  the  nerve-fibres  in  the  spinal  cord  and  brain,  as  ascer- 
tained chiefly  by  the  former  of  these  methods,  is  the  work  of 
Flechsig.' 

Two  tracts  in  the  antero-lateral  columns,  which  extend  along  the 
greater  part  of  the  spinal  cord  and  into  certain  parts  of  the  brain, 
are  thus  quite  certainly  made  out.  From  their  upper  connections 
they  have  been  named  the  pyramidal  tract  (or  tracts*)  and  the  direct 
lateral  cerebellar  tract.  The  former  is  directly  traceable  down  from 
the  anterior  pyramid  of  the  medulla  oblongata.  Most  of  the  fibres 
of  this  tract  cross  over  in  the  extreme  upper  part  of  the  cord,  and 
pass  down  it  in  the  back  part  of  the  lateral  column  as  a  compact 

^  Sitzgsb.  d.  KaiserL  Acad.,  vi.,  pp.  3a3  fP. 

*  Die  X«itangabahnen  im  Gehirn  u.  RUckenmark  d.  Menachen.  Leipzig, 
1878. 
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bundle.  This  crossed  (or  lateral)  part  of  the  pyramidal  tract  can 
be  traced  as  far  as  the  third  or  fourth  pair  of  the  sacral  nerresL 
But  some  of  the  fibres  from  the  pyramids  of  the  medulla  do  not 

cross  in  the  upper  part  of  the  cord.  These 
form  the  uncrossed  (or  anterior)  part  of  tlie 
pyramidal  tract ;  this  part  gradually  dimin- 
ishes as  it  passes  downward,  and  ceaaea  in 
^^  the  dorsal  region  of  the  cord.  The  direct 
lateral  cerebellar  tract  lies  between  the  late- 
ral pyramidal  tract  and  the  outer  surface  of 
the  cord.  It  disappears  in  the  lumbar  re- 
gion. It  is  thought  that  the  rest  of  the  ante- 
rior column  of  the  cord,  besides  the  anterior 
pyramidal  tract,  may  be,  for  the  most  part^ 
commissural  in  nature — that  is,  it  serves  to 
bind  together  the  two  halves  of  the  cord  on 
the  same  level,  or  somewhat  obliquely  those 
lying  slightly  below  or  slightly  above. 

In  the  posterior  white  column  a  tract  can 
be  traced  as  far  downward  as  the  middle  of 
the  dorsal  region  of  the  cord  ;  this  is  the 
one  already  referred  to  as  the  "  tract  (or 
column)  of  QolL" 

§  12.  The  spinal  cord  is,  therefore,  shown 
to  be  a  mechanism  composed  by  combining 
the  nervous  elements  so  as  to  serve  the 
great  purpose  of  conducting  nerve-commo- 
tion and  acting  as  a  series  of  reflex  and  auto- 
matic centres.  In  it  we  find  tracts  of  con- 
nected nervous  elements  for  the  movement 
Fxo.  18.— Bectionii  throngh  the    of  asccuding  and  descending  nervous  im- 

Splnal  Cord  at  different  ele-  ,  Yi.  •        i  i  ••%         m 

▼ationa.toRbowthetrmctoof     pulseS.      It  IS  alSO  a   COlumU   Or  pile   Of  UCr* 

«^<5!'tf  "t^h^iSth  ^'^^iX\  vous  centres,  each  one  of  which  may  have  a 

IfW.!^^  thc\\^lhT^r^TIv]  particular  value  for  particular  functions; 

S^d'rro/JS^f'o^i^  ^"^  ^^ich  are  also  aU  bound  together,  up 

°®r!?\'^'  nncro«^  (or  ^nd  dowu,  riffht  and  left,  and  obliquely,  so 

anterior)    pyramidal    tract ;  »       o  ^  ^        •/  > 

/w,  croned  (or  lateral)  pyra-    as  to  act  unitcdlv  undcr  s  Certain  control 

mldal  tract ;  *«,  direct  late-  "^  _ 

rai  oerebeuar  tract ;  g,  tract   from  sach  othcr  and  from  the  Central  organs 

lying  above.  It  is  especially  strong  in  nerve- 
cells,  just  where  it  needs  to  be  so— namely,  at  the  enlargements^ 
where  it  sends  off  nerves  to  the  upper  and  lower  limbs.  Its  paths 
for  the  passage  and  diffusion  of  molectdar  disturbance  are  indefi- 
nitely numerous,  and  their  intricacy  extremely  great    It  has  groups 
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rl^  inch  AS  belong  to  the  ceutral  or^^s  gpnerall^, 
»  embedilM]  in  neuroglia  ;  it  luis  special  luc&l  mecU- 
I  widuii,  umI  7«t  connected  with  its  generu)  tuecluuiiBm.     It 
1  to  do  «  Urg**  unount  antl  variety  o(  work  tlirough  its 
pin  «l  IMITN,  wilbout  calling  upon  the  higher  nervous  centres ;  it 
1  to  act  like  a  system  of  reliiys,  not  only  trnns- 
A  alao  noilifyiog.  inhibiting,  enhauring,  and  diBtributiug 
wkKib  it  r«c«tn«,  both  from  the  more  central  and  from 
1  portions  o(  Uie  cerebro-spiiial  Bysteoi. 

nts  of  nerve-fibrea  and  nerve-cells,  in  coo- 

h  ooDiMMtin  tiams  Knd  neuroglia,  and  oiivoto]ied  in  tho 

f  tti«inbnuiM  (dura  muter,  urnnhiioid,  aud  ]iia  mater) 

nribtid,  are  combined  witli  an  iucrtuacd  variety  and  eon)- 

famngrmral  to  form  those  intercr&ninl  central  organs 

I  vilk  wliidi  the  upper  end  of  tbo  spinal  oord  is  contiunoua     Here, 

f  <•••  thfn  dementi  are  gathered   into   fascicles  of  nerve-fibres 

1  uiuii<(|{4t,  or  divergr-,  and  run  their  courBos  in  varioiis  direc- 

j  into  gangUonic  uasacrs,  iii  nhieli,  bvKidca  the  uerve-libreH, 

I  wmI  ttiffbMd  finely  grantdar  substance  of  a  donbtful 

%n  found.     Uriifttrmity  of  elementary  ports, 

•  gmUavt  intricacy  of  arraugemeut,  prevails,  above 

I  of  Um  body,  in  the  structure  of  the  braiti.     The 

Dcnt*  and  elementary  part«  can,  therefore, 

I  wbea  tbey  are  eonaidered  iu  tho  localities  and 

X  parti  wlxich  an  oaaignvd  thrm  by  this  so  iiitricate 


IU  Hm  fiieophalon,  or  Brain,  in  the  most  extended  sense  of 

k  aad,  iaelud««  all  thai  portion  of  the  ceutnU  nervous  axis  which 

k  aaAnned  within  tba  oavity  of  the  skull.     This  grand  maaa  of 

r  may  be  divided  into  several  parts,  soui^what  ditTer- 

I  off  aeeordiag  to  tbt  point  of  view  from  which  the 

Tbe  divisioii  proponed  by  Meyncrt ' — to  which 

'^'Mwi  wiO  be  niada  bder — is  bttseil  upon  ihu  Hiipjiosed  iihj-itio- 

V|U  apiifteaocw  vt  the  different  parts,  and  upon  their  arrange- 

m  to  diaehM^  the  funcliuim  of  condiirtinn  and  "  susc^p- 

For,  as  this  nuthurity  rijjhlly  chums,  "a 

I   dMCjiption  "  is  of  comparatively  little  service 

f  tb*  muutiog  of  the  architecture  of  tho  brain. 

■f  aU,  bowerer,  deacHba  briefly  the  conteuta  of  th« 

a  it  ippwra  both  to  tha  oiuudad  eye  and  under  the 

!,  wttboot  nfeienoa  to  Ihem;. 

■  ut  Oe<apuMIv«  HMoUv,  iL,  pp.  MT  S. 
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Oo  removing  the  entire  brain  from  tbe  BkuU,  the  following  foor 
diviaions  of  its  maae  engage  the  attention  of  even  the  inexperienced 
obserrer.  Iiumediatel;  above  the  section  by  which  it  has  been  aepa- 
lated  from  the  spinal  cord,  and  appearing  as  an  enlarged  proloags- 
tion  of  the  cord,  is  (L)  the  Medulla  Oblongata.  Covering  tbe  upper 
back  part  of  this  organ,  and  extending  beyond  it  on  both  tadtm, 
with  its  surface  divided  into  small  lobes  by  furrows,  ia  (IL)  tbs 
Cerebellum,  or  little  or  hinder  brain.  Swelling  out  in  front  of  and 
above  tbe  medulla  is  (HI-)  the  Pons  Yarolii,  or  ao-called  "  bridg*  " 
of  tbe  brain.  'Wliile  in  two  hemispheres  Bepatat«d  by  a  deep  fi»- 
Rore,  above  both  pons  and  cerebellum,  and  filling  the  la^er  part 
ot  Uie  cranial  cavity,  is  seen  (IV.)  the  Cerebrom,  or  large  brain,  or 


bmin  proper.  Tlicsc  diTisioua  ore  all  readily  distiDguishable  on 
the  external  surfnces  of  the  Eucepholon. 

On  l'>,viug  the  encephalic  mass  ojion,  however,  certun  bodies  of 
nervous  matter  are  disclosed  that  have  been  concealed  beneath  the 
cerebellum  and  the  cerebrum,  and  that — although  ordinarily  re- 
garded as  parts  of  the  latter — arc  scarcely  to  be  included  in  any  one 
of  the  four  main  divisions  of  tbe  brain.  We  shall  describe  in  order 
the  organs  just  named. 

g  15.  I  The  Medulla  Oblongata  is  somewhat  pyramidal  in  form, 
about  one  and  one-fourth  iuch  in  length,  from  three-fourths  to  one 
inch  broad  in  its  widest  part,  and  one-half  inch  thick ;  it  extenda 
from  tbe  spinal  aperture  of  the  cranial  cavity  (Jbramen  magnum)  to 
the  lower  bonier  of  the  pons  Varolii  It  is  continuous  with  the 
spinal  cord,  and  somewhat  resembles  it  in  the  divisionB  of  its  ex- 
ternal eurfac&     Its  anterior  pyramids  appear  superficially  otmtinu- 
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ytj^  ^  with  tbe  sntflrior  eoltmuia  of  the  cord  ;  its  lateral  area  ebova 

H^  ■»*)n  its  upper  end  as  oval-ebaped  elevation  called  tb«  "oliTarj' 

bi     *  ■  ^J  > "  ite  posterior  tracts  also  appear  cootintioiiB  with  the  post«- 

rii^=^-x  colamna  of  the  cord.     Just  outside  the  upper  portion  of  each 

pc:»^3terior  tract,  and  behind  the  oliTe,  ascenda  to  the  oerebeUum  a 

tract    Dsmed 

"restiform  body." 

Ett  portion  of   tbe 

column  of 

tbk^3   upper  cord    (al- 

te-*»  Jy  referred  to,  p. 

6S)    which  ia  marked 

oBF"     from  the  rest  by  a   i       j^ 

"®K>*iJra  of  pia  ntater,   _s      \ 

•8     <=aDtiiiued   up  into        ^ 

Mi^    medulla  oblongo- 

**»     «nd  becomes  more 

^'^■'•^fcngly  marked.     It 

"     linown  as  the  /u- 

"'^-~"*^i«  gracQu !   and 

)^**^^ai  traced  still  far- 

-  ^upward  is  seen  to 

^vden  oat  into  an 

^5>anBion  called  the  . 

'**»^.  A  prolongation 

*■  ije  posterior  luterol 

*  Vamn  also  gradually 

t^ands  aa  it  aecendit,  so  that  it  ncciuircs  n  "  wodge-slinpo"  form, 

"**-X  18  accordingly  known  an  the  cu'icah'/u'iicilii^. 

-tTlie  medulla  oblongata,  like  the  Bpiiial  cord,  in  compoBod  of  wliilo 

*'*-^  gray  nervous  matter ;  it  difforn  from  tbe  coi-d,  however,  in  liiiv- 

""^     ita  gray  matter  not  confined   to  tlic  ctntnil  part,  but  gath- 

^""^^  more  into  apecinl  masses  or  nuclei.     A  roilistributiou  of  the 

|°^*^e-elementB  takes  pbicc  in  the  medullii,  and  their  arrangement 

T^'^cmes  more  comples.     An  important  part  of  tliin  redistribution 

^  *>-«con3pliHhed  by  the  divergence  of  the  posterior  trikcfs  and  resti- 

**'>ai  bodies,  which  opens  up  the  central  gray  mass,  and  lets  it 

^*^**ie  to  tlie  surface  between  the  sides  of  the  surrounding  white 

"^^^-tter.     Lorfjing  at  tiiis  redistribuli<m  aw  it  appears  from  below, 

™*  elements  of  the  cord  may  be  said  to  bo  si)rend  out  and  inf  reased 

"S  the  addition  of  new  elements  ;  looking  at  it  as  it  appears  from 

"»ote,  the  two  greet  nerve-tracts  of  the  cerebi-um  {l''(iii>ii,iiiin  and 

S'lWte  of  the  cms  cerebri),  and  the  tract  of  the  cerebellum,  may  be 
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mid  to  be  gathered  up  in  the  medtUla,  and  oompreaBed  >o  m  to 
form  in  the  cord  a  coutinuous  aud  symmetrical  mednllaij  iiiTe>t- 
meot  for  its  central  graj-  matter. 

The  intimate  structure  of  this  organ  is  exceedinglj  complicated  ; 
much  of  it  is  doubtful,  and  as  jet  impossible  to  make  out  satis- 
factorily. The  two  important  considerations  are  (1)  to  tiace  tlw 
nerre-fibres  aa  they  ascend  through  the  medulla  from  the  variooB 
columns  of  the  cord,  and  (2)  to  locate  the  pariicular  collections 
of  graj  matter,  whether  as  continuous  with  those  of  the  cord  or  as 
consisting  of  independent  nwssea. 

The  various  tracts  of  'White  Matter  in  the  medulla  otdongato, 
although  the;  supcrfiL-iallj  appear  to  be  prolongations  of  the  col- 


Ca 

i           '''"          Pjr 

III  ■•ynml'lil  flbn'^ipc.  Fr'1.  unerwalns  onr  at  d;   )'.  ksMiter. 

umns  of  the  Hpiiinl  cord,  are  really  bo  to  a  small  extent  &nly.  This 
fact  ID  must  clearly  niado  obvious  by  a  comparison  of  succeaaiTe 
traiiHversc  sections.  A  hrge  bundle  of  fibres,  whicH  in  the  cord 
lies  in  the  ixHtteriur  pai-t  of  the  lateral  column  (see  p.  71 1),  pushes 
its  way  obliquely  through  tlje  gray  matter  of  the  anterior  horn,  and 
passes  in  front  of  the  central  canal  to  the  pyramid  of  the  oppomte 
side.     The  crossing  of  this  bundle,  as  seen  in  the  anterior  median 
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r  port  of  the  tnodutlo,  ia  called  tlie  "  ilooiiaantion 
I  The  abrupt  pnsaage  of  so  iimny  fibres  tlirougli  it 
r  born,  acpnrutcn  jinrt  of  it  frotu  llie  rest,  and 
a<l  put  crvt-r  Ut  uiiti  sidt,  »o  tliut  it  rouiea  to  lie 
rtof  the  posterior  born.  Tlie  latter  also  becomes  grtulu- 
I  aMlewiw  by  nn  itiorenee  in  the  size  of  the  posterior 
pQiat  it  tuuies  to  lie  ulxiio-it  at  right  angles  to  tho  {>ost«rior 
:  iu  hnul  enlargiM  na<l  approaches  clone  to  tbo  sitr- 
t  it  fornui  n  |>n>jvt.'tiun  (funiculug  nf  Riilaiulo),  and,  higher 
t  xwflliiitt  {tuhcnk  'i^^^kLnilu).  Trtieiug  the  printi- 
•  of  fibrea  oo  flteir  course  from  the  cohimns  of  the  spinal 
i  tbnnigb  thv  medulla  oblon^tn,  n'e  lind  (in  ucmrdnnce 
m  atreadj  been  said)  that  the  poat^nor  column  torms  the 
^■rftfaoUin*  posterior  funiculi  of  the  medulla — namely, 
b  and  fuuiculuM  i>f  RuIoikIo  :  a  coneiderabli;  |uirt 
0  (Ihe  lateral  j«iramidal  (nicf,  aee  p.  72)  pusses 
o  pynuiti'I  of  tlto  modtilln.  ntid  ascends  in  it  ttiward 
B  in  ewmpnny  with  a  small  ]iart  of  tlie  nnti^rior  coliimo 
mde ;  while  uiolhcr  part  of  the  lateral  fuluuiu  (thn 
[  trnfitUsr  (racf)  passes  at  aliout  tlie  middle  of  the 
ltoblk|iMl7  ladtwanl  to  tho  restifonn  body,  and  tho  rest  of 
M4yi  Wider  Um  oUw^  wid  isconliuued  toward  tho  corpora  iiu»<l- 
I  i^lMiMim  and  optie  tlialarows.  Most  of  the  ant«rior  column  dips 
l*iir tfc»  j/jTmakl,  and  psasf ■  upwani  tnwiin)  the  ccrcbriUD,  but 
^bantiBOad  into  the  pynmii]  of  the  aaiue  aide. 
(%*td  Shnm  mn  «lau  bo  awn  running;  their  course  in  the  plane 
I  'f  IW  diftnnt  tnuurvnie  MCtJoiu — aume  Hupuriicial,  some  dur[i 
[  l*n^m  or  nmalr  Jibm-). 

I  At  the  uedulla  la  a  laialetal  oifran.  it«  IiiUtps  arc  bound  together 
I  4  wwiwaiial  fibrea,  whicb  ruu  obliquely  and  decuannte  iu  thn 
■MfJaaa.  fanning  a  wvn-marked  band  called  raphe.  In  addi- 
■  tolha&fanai  v4  the  medulla  obloDffala  which  are  codUduous 
I  "A  thoaa  of  the  apiual  oord,  others  ori(;inat«  within  the  ot^^ 
I  *w    II  b  a  eaotra  of  origin  for  Hcvcrnl  pairs  of  encephalic 

wOiBf  MaUer  of  the  Bwdnlla  oblon^ta  is.  iu  part,  contiiiu- 
.  ^**ilk  UmM  o(  the  ooni,  nod  in  part  i-oiiHiiitH  of  iuilrpendcnt  uiaf»e*. 
[  ^IWaar  part  i^  aa  we  luve  Been,  brokt'U  up  and  rearraui^ed  by 
D  of  the  pynmiila.  The  fat«  of  tlie  |io«t«rior  horns 
[  ^  <f  IW  twBtial  cnjr  Mbiibuuw  ban  alrowly  btx-n  dtftcrib^il.  Tho 
"  >  of  the  anlarior  bonw  b«>roni«4  dividoil  intii  maay  htUa 
■  tf  tha  nerr^lirta  (hat  tnverau  il,  so  aa  to  form  a  coana 
k  t4  a«ioua  naltv  (/urma/w  ratintkri*)  eontaiaing  uarto- 


TH  imtrrnnn  or  thx  8&&ix 

mIIk.  MtH  inf*mtfftM  hj  boikllM  of  fibna.  &i  tlw  nppar  pncc  ol 
thM  riTKiin  it«  mtmor  irnj  matter  a^iwan  opim  du  door  <}f  tfaa 
finrtfa  TKnthcU,  i&tA  wbidi  the  eestnl  aaul  <iilaGm.     Fonr  spaeid 

«k^nieii  or  innlar,  of  zdttiaaai 
anwaaBce  anil  eonndninff  fcw 
' ■'       unltipQiur  aem-«il&  nc  to  Iw 
„    noted  ia  taeii  half  of  da  me- 
duBa.     Tfaeae  an  ill  Ehe  swje^ 
,y      lu  arri^OTHit,  which,  is  stiated 
I  jiut  beoeath  the  pia  mater,  U 
'        the  front  o(  the  anteni^r  pjra- 
/-/■     mid ;  (2)  the  Hiu.-k)a  oii-iaru,  oi 
"'     dentate  bodT<rrt)rpiw(£n(lafi(M). 
which    is  within   the    infeiioi 
olive,   a  maaa  of   gnr   mattet 
,         folded  in  a  zigzag  or  denticu- 
lated manner,  forming  a  aoit  ol 
capsole  thronph  the  openinga 
/'/ri,       ''/»,  ''*'  of  which  doaelT  packed  nuuset 

fin  ««  ■rxtkn  •hMiiw  fliu  itMtT  nf  iba  of  fibres  nui  iuto  the  Horroond- 
"VlT,I;'"*'"!rVl«I.!!Ilta  '""liiih^iCj  ing space;  (3)  the  nucieuM  ofi- 
l^Vri"i"'7v"»VM'rft*rvww'iI!lXIIri-  twna acr««onu*t,  a  smaller  graj 
"""IVni'V'MJ.rtl'ilini'M.' "'il' m^'Mr^■"■!"'  n"**"  lying  on  the  outside  of 
T*t  '°u'"'''.^»J!'M\»,''ZXZ^"TT^tt  th®  dentate  body ;  and  (4)  the 
...,.^i...rnii<i->H.  M  ,r.iii»ii»MhviBrt*:  nuf^eui  pyTamidoIu  (aometimKa 
)..>•»  !«■>-  nl HO  called  "  inner  acceHaor^nu- 

,>|,„i.i"  on) livr).  IviiiK  "11  IliP  inoiilo  of  the  same  body.     Another 

t  ih'l  of  •rilli'i'li.int  xf  i:i-iiy  iimlltr  in  the  medulla  consists  of  those 
j.M.iiP'i  .>r  iiiiilli)>i>tiii-  i'i'Uh  til  which  the  uenres  that  have  here  their 
•Ml  .xlli.l  i>>i>(q  i>f  iiiii:in  I'nri  Iv  tmrtil.  These  ceUs  resemble  those 
•  .r  M->  jo.li  ■"•liiiiiiio  i<r  llio  i-'>n)~tho  larger  ones  appareatlT  being 

,1 ,.),.. I   »it)i    llii'    nhilM  «f  the  imilor  nerves,  the  smaller  irith 

H»>m'  •!(  Hu'  ui  ni.'vi      It  tii:tr  Ih-  nwuiDml  that  aoDie  of  their  pro- 

.< ..) iiiiniixift  Willi  tl)i<  nviK-CYlinderB  of  the  fibres  of  the 

III  III  i.>.>la,  iiii'l   lli-it  i>tlii'i-H  K-'iAv  Ui  fiUoo  the  medulla  in  direct 

,...>,■•■•) ntlli  tl<->  •-I'lidrtim  :  ]H)Hitiv(>  demonstiatioD  of  these  aa- 

•'iii>.|'li.»i"  lixMi  \.'i ,  ii>.)niiv4  fiiHlicr  liistolopcal  researches.  The 
■.■111  iiii.'lx  111  IIk'  iiii'.liiUi  n'lX'nv  their  name  from  the  nerrea 

■'  hi    II    Ik  i1»' ('.11  )<i11i»ii.  xi- l.iltVllmin,  the  geneialarrange- 
iiii  Kt  of  III.'  <n>i  I.III.K  .<(  iiri->-.Mis  inMtcr  ia  the  reverse  of  that  ol 

Ml.    •.|ii.>.>l  i)  ni>'l  ilir  i>to.liiI1t  <^lil<>n)»t« :  the  gray  matter  ii 

r'^liiiinl    tlix  «liil«  iiiloninl.     Mi>n>  iirpoisely,  the  oerebellnm  n 
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-ydie  or  medullaiy  mass  rising  oiit  of  three  large  bundles  or 

of  nerve-fibres  on  each  side,  and  enveloped  with  a  covering 

^^ray  nervous  matter.     Like  the  other  organs  of  the  cerebro- 

system,  it  is  a  bilateral  structure.     These  stalks  of  nerves 

lect  the  cerebellum  with  three  other  organs,  with  parts  of 

they  are  continuous.     Considered  as  connections,  they  are 

<^ctU^d  the  "  peduncles  "  or  crura  of  the  cerebellum.     Of  the  three 

P^<3  ^ancles,  (1)  one  {inferior  peduncle)  on  each  half  of  the  organ  is 

^dez^tical  with  the  restiform  fascicle  which  ascends  from  the  me- 

duU^  to  the  cerebellum  ;  (2)  another  {superior  peduncle),  similar  to 

^d   &8t  in  size,  passes  forward  over  the  anterior  end  of  the  fourth 

^eat;aicle,  and  connects  the  cerebellum  with  the  tegmentum  of  the 

<M9  ;  (3)  a  third  {middle  peduncle)  passes  down  on  each  side  into 

^^   Sx)ns.     This  middle  peduncle  forms  the  larger  portion  of  the 

^la.f;«  core  of  the  organ.     In  addition  to  the  fibres  from  these  three 

sets    of  peduncles,  this  core  is  in  part  constituted  by  others  which 

'^'^^^  in  the  cerebellum  itself ;  some  of  the  latter  connect  together 

tbd    c^ifferent  regions  of  the  organ  lying  above  or  below  each  other, 

^^^^e  unite  the  opposite  and  symmetrical  regions  of  its  hemi- 

^ti^xes. 

^C*lie  interior  relations  of  the  fibres  from  the  three  peduncles  are, 
^  Cfe-ccount  of  tiie  extreme  intricacy  of  their  course,  not  yet  fully 
"^*<i«  out  United  in  the  white  core  of  the  cerebellum,  they  form 
^  ^"^c^fiher  uniform  mass,  which  is  interrupted,  however,  by  certain 
nuclei  of  a  gelatinous  appearance.  Within  either  hemisphere,  and 
^  V>^  disclosed  by  cutting  through  it  a  little  to  the  outer  side  of  the 
median  lobe,  is  a  mass  of  nervous  matter  arranged  like  the  den- 
ote TxKly  of  the  medulla  oblongata  ;  it  is  the  corpus  dent  at  um  of 
^^     cerebellum.     Other  smaller,  round,  or  oblate  masses  of  gray 

Jnattcr  are  found  toward  the  middle  of  the  core  from  the  dentate 
bo(iy. 

Tlie  arrangement  of  the  gray  matter  which  forms  the  rind  or 

cortex  of  the  cerebellum  is  somewhat  peculiar ;  its  characteristics 

*r^  t^eat  seen  by  examining  a  cross-section.     It  is  thus  found  that 

tnis  cortical  gray  substance  is  arranged  in  thin  plates,  or  lamellce, 

waich  are  penetrated  by  prolongations  of  the  white  matter  of  the 

core  ;  these  prolongations  branch  off  into  the  interior  of  the  lamel- 

^»  ^d  give  to  the  cortex  the  arborescent  appearance  known  by 

wi^  name  of  "  arbor  vike"    The  primary  branches  of  this  tree-like 

P^longation  of  the  white  matter  of  the  core  within  the  gray  raat- 

^^  of  the  cortex  stand  either  perpendicular  or  a  Uttle  inclined  to 

tae  surface  of  the  core.    The  smaller  branches  run  from  one  side  to 


Tbo  external  fmrfoce  of  the  cerebellum  preaenU  two  beniispbeK^ 
or  lateral  lobes,  uiiiteil  by  n  central  lobe  called  the  ivmii/V/mi  pro- 
cew.  TLiB  centnil  lobd  cm  its  upper  (or  trntoriul)  surftut)  is  a  mere 
elevatiou,  but  tlie  "  vermifunu  "  dmriMttcr  of  its  lower  (or  oociptU 
eiirtacfi  is  well  ilefined.  The  {iroceati  here  lies  at  tbe  bottom  a 
deup  fosaa  {vaJleriila).  Fn>m  the  midiUi:  pmluucle  of  eucb  li«!l 
Hpbere  u  large  liorizonUil  lissure  exlmja  tnickwarJ  along  itB  Ottl 
border,  oud  divides  tbe  liemispbere  into  its  tenttuud  ud  occipill 
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sarfaoeB.     Eacli  of  these  surlaces  is  divided  bj  fisoures  into  atnallar 
lobes  or  lobules. 

In  tbe  gmyinattrir  of  tbe  cortex  of  the  cerebelluiu- three  diHtinct 
\hyeiK  of  nervous  suliHtaui^e  ma^  be  diatingutshod.  Of  theaa  £ 
pure  gniy  layer  is  the  most  eitemal ;  it  is  sometimes  called  I 
"  moleeuhir  Inyer."  It  cnnnists  of  nn  oitremely  dulicste  faaatn 
of  connective  tissue,  in  which,  tot^etlier  with  nuclei  of  the  coniu 
tive  tissue,  a' few  rouoilish  cells  and  minute  fibres  of  nerroos  stract- 
ure  nppeiu-.  Tlie  middle  layer  is  eelluLvr  and  conii>ow*d  of  a  Ktn^ 
irregulur  row  of  lai^e  ganglion-cells,  «illeil  "cells  or  corpuBcles  4 
Purkinje."  Compamtively  large  proce«»ea  from  these  cells  bra 
into  and  ramify  within  the  ouler  layer.  According  to  mnnt  hIm 
(KfiUiker,  Deilers,  and  others)  eavh  of  the  coIIm  seudu  a  sin^tle  1 
duQated  aiid  unbrani'hed  process  inward,  which  becomes  eontia 
ous  with  the  axis-cylinder  of  a  fibre  of  the  medulUry  portion  of  tf 
organ  :  but  according  in  Stilling  there  are  sevi-rul  bratinhea  I 
each,  which  divide  to  form  a  network  in  the  iutemul  layer. 
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m  nut-colored  ftnd  merges  tn^li^y  into  the  white  substance 
;  it  appeara  to  coutniu  mnltitiitlea  of  granules,  with  ■ 
■IMcfiaed  niipleu3  8iirrouuJe<l  by  bninching  prntupltMin.  The 
Itore  of  the  granuleit  is  cot  kiiowu  ;  tbey  have  bct-n  cotiBi<1tret1 
f  some  as  elements  of  sust^Dtncuhir  tiBsuo,  by  others  as  lympb- 

scles,  by  olliprs  its  miilti[>olur  uerve^orpuscleK. 
\  The  cerebelliuu  is  thus  cou&titutei)  by  a  complei  ftmiugement 
d  thv  nervous  clcineDt^  as  a  kind  of  side  mechanism  of  the  nervous 
ptt-m,  Ijmg  ftut  of  tlie  course  of  its  direct  tracts  and  yet  bound 
r  nervoud  eordit  (the  peduDules)  in  nil  directions  to  the  uther 
pMS  of  the  brain. 
\  g  17.  HL  Tlie  I'ons  VaroUi,  or  Bridge  of  the  Brain,  has  its  princi- 
'  tl  office  in  the  mechanism  of  the  central  orguiis  of  t1id-«rnnin] 
nity  ns  a  meetiRg- and  8«-itching-pIace  of  uerve-traots  between 
r  organ* :  but  U  is  also  itiKlt  a  cvutral  or^an.  ns  well  as  a  cen- 
w  of  origin  for  certain  nerve-fibres.     The  pons  is  really  a  thick«u< 


8  of  th»  rentrat  wall  of  the  fourth  ventricle,  oompoBed  of  the  mid- 

"  pedaticles  of  the  oerebellum  encircling  and  partly  blending  with 

I'T* '^tinoatioa  upward  of  ihe  medulla  oblongata.     Its  superficial 

1  "^  on  the  rf-ntral  iinrfnce  are  tninsverse  in  their  general  direo- 

^^;bat  tlic  middle  fibres  pass  directly  across,  the  lower  neoend 

i^'U/,  ud  tile  superior  are  moro  curved,  and  desceud  ublif]uely 
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to  reach  the  cms  oerebelli  On  removing  these  superficial  fibres 
the  prolonged  fibres  of  the  anterior  pyramids  are  exposed  to  view. 
These^  as  they  ascend  through  the  pons,  are  intersected  by  the 
transverse  fibrea  At  the  lower  part  of  the  organ,  behind  the  fibres 
from  the  anterior  pyramids,  a  special  set  of  transverse  fibres  (/no- 
pezium)  begins  at  a  collection  of  gray  matter  {superior  olivary 
nucleus)  on  one  side,  and  crosses  the  middle  line  to  ascend  to  the 
cerebellum  on  the  other  side. 

Nuclei  of  gray  matter  with  small  multipolar  nerve-cells  are  found 
everywhere  between  the  fibres  of  the  ventral  part  of  the  pons. 
Many  of  its  transverse  fibres  are  probably  connected  with  these 
cells.  The  posterior  portion  of  this  organ  is  chiefly  constituted  by 
a  continuation  upward  of  the  formatio  reticularis,  and  of  the  gray 
matter  of  the  medulla  oblongata.  In  the  reticular  formation  two 
or  three  important  collections  of  nerve-cells  Ue  embedded.  One 
of  these  is  the  "  superior  oUvary  nucleus,"  which  lies  behind  the 
outer  part  of  the  trapezium  and  gives  origin  to  some  of  its  nerve- 
fibres.  Of  the  other  nuclei  in  this  region,  one  gives  origin  to  the 
seventh  or  facial  nerve,  and  others  to  portions  of  the  fifth  nerve. 

§  18.  IV.  The  Cerebrum,  or  Large  Brain,  much  exceeds  in  size  all 
the  other  contents  of  the  cranial  cavity ;  but  it  surpasses  them  more 
especiaUy  in  the  variety  and  complexity  of  the  arrangement  here 
given  to  the  nervous  elements ;  while  its  significance  for  the  in- 
quiries of  Physiological  Psychology  is  altogether  uniqua 

As  ordinarily  described,  this  nervous  mass  includes  a  consider- 
able number  of  organs,  which  vary  in  structure,  relations,  and 
physiological  functions.  Besides  the  hemispheres  of  the  cerebrum, 
and  the  great  ganglia  (corpora  striata  and  optic  thalami)  which  Ue 
at  their  base,  custom  includes  in  this  term  certain  bodies  that  ap- 
pear connected  with  the  lower  surface  of  the  mass,  viz.,  the  corpora 
quadrigeiiiina,  pineal  gland,  crura  cerebri,  etc. 

§  19.  Tlie  Cerebrum  is  of  ovoid  shape  and  is  divided — above,  in 
front,  and  behind — into  two  hemispheres  by  a  deep  median  longi- 
tudinal fissure.  If  these  hemispheres  are  drawn  asunder  by  open- 
ing this  fissure,  they  arc  seen  to  be  connected  at  its  bottom  by 
a  broad  white  band  of  nervous  matter,  the  corpus  callosum.  The 
outer  surface  of  each  hemisphere  is  convex  and  fitted  to  the  con- 
cave inner  side  of  the  bones  of  the  skull ;  the  inner  surface  along 
the  median  fissure  is  flat,  and  separated  from  the  corresponding 
surface  of  the  other  hemisphere  by  a  process  of  the  dura  mater 
{/alx  cerebri) ;  its  under  surface  is  separated  from  the  oerebeUum 
and  the  pons  by  another  process  of  the  same  membrane  (tentorium). 
From  the  front  of  the  pons  the  large  white  nervous  cozd%  called 


M  itjwt  (prtdrriiir  pnfonlrd  'pi'v),  tvo  iDull  white  bo^ioi  {••or- 
"  m),  aAcI  a  grtT  nodule  (iuAvr  rinriKTim)  which  ut  joinoil 
*  ^lU  raliUilt-finiy  unl  iusm  (;ii/Hilary  6n)/y)  by  a  couical  pro- 
■*'n»y  mMler  (rii/'i>i</»6ti/iim>.  lu  front  of  Iho  optic  commin- 
M tt  t  idiB  Im^vt  of  pnjr  ButntAiKW  (famifM  cincrM) :  anil  on  encb 

**^  ihadMji  kaa|[itudii]iil  fiMuiv  ntrtttdica  Lliu  ulfiu-tor}-  tntct. 
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with  its  bnlb.  The  intercnnul  part  of  this  "  nerra  "  ia  now  k 
really  to  be  &  projecting  portion  of  the  brain.  All  these  atraetnm, 
together  with  the  cut  ends  of  the  sereral  pain  of  cranial  nama, 
tunv  be  seen  apon  the  under  surface  of  the  cerebmm. 

g  20.  The  upper  surface  of  the  cerebral  faemispherea  preaenta  the 
appearance  of  gny  nenroos  matter  arranged  in  folds  which  are 
citlled  "  convoIutioDB  "  or  gt/ri.  Theae  conTolutiona  are  sepanUed  hy 
"  tistiures  "  or  »uk-i  of  varying  depth,  some  of  which  are  bo  coostaut 
and  strongly  marked  that  their  }H«Bence  is  employed  to  divide  the 
Kurfoce  of  the  hemispherea  into  lobea,  while  others,  less  strongly 
iuarke<1,  sepomte  from  each  other  the  conTolutiona  of  the  same 
lube.  It  in  the  arrangement  of  the  convolutions,  with  their  aep- 
arutiug  fisaurea,  which  gives  the  hemispheres  of  the  brain  their 
cliara<?t£nstic  appearance,  and  which  fits  them  fen:  their  unique 
fuiictiuua  in  the  economy  of  the  nervous  mechi 


S  21.  Uy  cutting  off  successive  slices  from  the  upper  part  of  the 
hemispheres  their  general  iutemal  structure  may  be  seen.     It  re- 


/«.—        ■""»  tana 
»ll5f  .'■J-  «»   «v 
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On  the  floor  ot  each  lateral  ventricle  Ihe  exposed  portions  of  tlia 
great  basal  ganglia  of  the  cerebrum  are  visible.  A.  large  peor-ehapeL] 
body  of  gray  color  is  here  seen  with  its  broad  estremity  directed 
forward  into  the  anterior  coniu  of  tlio  vcutricle  and  its  i 
end  outward  and  backward.'    This  body,  ou  account  of  the  s. 


Appearance  which  it  preoeuta  when  cut  open,  ia  called  a  "striata 
body  "  (-•of7iu»  ftrialum).  It  consists  of  two  mosses,  the  upper  onti 
of  whit'h  (micUrus  cavdatue)  projects  into  the  lateral  ventricle ;  the 
lower  one  is  embedded  in  the  white  substance  of  the  hemisphere  and 
forms  the  princixtal  part  of  the  body  (nudcwi  lenlujularin).  The  two 
ore  separated  hy  n  layer  of  white  matter  citUed  the  "  uiterual  capsule." 
Between  the  diverging  irortiona  of  the  striate  bodies  are  the  oblong 
I  Dillon  (Topogrnphical  Annloioy  ot  llm  Brain,  rhiUclolphla,  ISM.  U  ,  p, 
76)  ami  othera  speak  aa  thoiigli  lli«  raudnte  niicleDs  aloue  leiiri)  lu  be  callrd 
corjiuH  Btrialiiiu,  lUe  uucleus  leuliculurU  hy  tliit  unms  ;  Mid  tli«  twu  cucHiitwi 
M  «eiiiir>tu  bodiea. 
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i  ovoid  nUMMH  of  the  ".optic  thalnmi."  Each  thnlnmiis 
1  pwtMJIy  einbne«B  one  of  the  crura  cerebri  :  Un  lue- 
a  th«  sido  ynli  of  the  third  ventricle,  and  upon  its 
■ft  BTO  two  smiill  elevatione,  one  on  eadi  eiclo  of 
i  {corj>ora  genKulala.  inleriiiim  and  exlemiiw).  In  the 
wn  8uh  Btriftto  bo<ly  and  the  optic  thalamus  in  a 
,  MmitimnKparent  hand  of  mcdullnry  eubslance 
Idiniiitni).  Along  the  eutiro  length  of  the  flour  of  the 
I  Bomii  of  tba  Tentriclc  is  n  white  eminence  (hippocampus 
■MH  Ammonu)  which  is  the  inner  surface  of  the  gjniB 
a  doahlnd  n|ioa  itaelf  Uko  a  bom.  An  arch-ahaped  baud 
»4brM,  cotuilaling  of  two  lateral  balvca,  which,  in  front. 
D  pQLu*  that  demand  to  the  base  of  the  cerebrum  and  be- 
B  corpvm  albu^nlia,  and  which  diverge  behind  into  two  pil- 
t  dMK«iid  with  the  deitcenilitig  comu  of  the  ventricle  and 
i  with  a  cnDTolution  of  the  brain  {gyrus  hipfiocainpi).  in  situ* 
b  tlie  florpiM  nalloaiim  ;  it  is  called  the/nf-7ii.r.  Behind 
'  •  opdo  thalami.  and  resting  ou  the  buck  niirface  of 
i,  are  four  rtnmilrd  eminences  in  two  pairs,  called 
,-  Iho  front  [)air  are  the  natrrs,  the  back  pair, 

L  mtliout  mtnUuninc  other  more  minute  niMivtsiona,  sop«r- 
r  iaitanti,  in  the  structure  of  the  cerebrum  as  seen  hy  the 
I,  wo  sow  oonaider  the  arrange-  ^^ 

I  HBfre^braH  and  uerve-n-IU  in 
lat  organs  alresily  named. 
»  at  Drrrc-fibrea  Wlonging 
mm,  aoDM  connect  it  with  the 
■  of  tbo  et>c«pbalou  :  some  oon- 
r  ita  fa«itiupbiirM ;  aome  join 
ilitniclimoiB  the ■amchemiaDhcre  :    fio-  tt-nKtinn  thiniwii  im 

.       ...  .    .       '^  lH.Hmln.    <8ctaaM)>r.l    oil. 

•  roota  »f  ongio  ■in'  ccnain  norvea       K|B*d«i  <>t  hjkiu.  ;  •.■..  nb. 

,  ,,  1     -      .1  »unti»  niei»  ;  p. cnwn a(  Uw 

f  the  ttmn  cerebri— thoee       tnuivr.tiri:  i.uanwuniii 

■  of  the  brain  that  ascend      '    *"" 

)  Um  optio  thalarai  and  the  striate  bodleo — are 

1  IToups  {rrtuia  and  kymmlum)  seporatetl  by  the 

r  oi  the  firfWitnfu  nign.     An  important  jnirt  of   the 

I,  or  front  part  ipn)  of  the  crua,  ia  continuous 

P  JongHiidina)  fibres  of  the  pons  wbiob  come  from   the 

h  of  tbo  iB«daUa  ;  il  reociTes  some  fibivs  from  Uie  Kray  ma^ 

bs  •obataotia  Ditrra.     Uany  of  the  fibr«B  of  the  orasta  ter- 

■•  b  the  oncloi  of  the  striate  bodies :  but  some  radiate  upward 

I  iat«ni«l  oapsule  directl;   to  the  gray  cortex  of  the 


■iupcvtaot  I 
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coebnim.  (Comp.  Fig.  24)  Some  of  the  more  diffneed  fibres  of 
the  tegmentum,  or  back  and  deeper  pert  of  the  crue,  are  probably 
eootiniied  from  the  anterior  column  of  the  cord,  and  maj  be  traced 
abope  to  the  optic  thalami.  Others  of  its  fibres  are  collected  into 
■KMre  well-defined  tracts ;  one  of  the  most  important  of  which 
comes  from  the  superior  peduncle  of  the  cerebellum,  and  has  al- 
teadj  been  traced  as  it  passes  forward  over  the  anterior  end  of  the 
ioorth  Tentride  (see  p.  79).  The  formatio  reticularis  is  continued 
into  the  tegmentum ;  the  latter,  therefore,  has  a  considerable 
amount  of  gray  matter  containing  nerve^^lls.  Some  of  its  fibres 
arise  in  these  cells.  The  superior  peduncle  of  the  cerebellum  as- 
seends,  crosses  over  to  the  other  side  beneath  the  Sylvian  aque- 
duct, and  terminates  in  a  collection  of  large  pigmented  cells  (the 
mmcieus  of  the  tegmentum  or  red  nudeiut). 

The  intimate  structure  of  the  striate  bodies  is  not  as  yet  entirely 
made  out  On  its  deeper  side,  which  is  turned  toward  the  internal 
capsule,  the  nucleus  caudatus  receives  from  the  capsule  several 
bundles  of  fibres.  According  to  Meynert,  some  of  these  bundles 
serve  to  connect  this  nucleus  downward  with  the  peduncle  of  the 
cerebrum,  some  upward  with  its  cortex ;  but,  according  to  Wer- 
nicke, it  is  doubtful  if  any  of  them  pass  to  the  white  matter  of  the 
bemisi^heres,  or  come  directly  (that  is,  without  traversing  the  len- 
ticular nucleus)  from  the  crusts.  All  parts  of  the  nucleus  lenHcu- 
hns  are  pervadcil  with  white  fibre&  Some  pass  into  its  inner  zone 
tnuu  the  (uljacont  part  of  the  internal  capsule ;  some  connect  it  with 
tht^  laudato  nucleus ;  some  pass  from  it  into  the  corona  radiata, 
and  then  to  the  cerebral  cortex.  These  nuclei  appear  to  have  a 
spocial  iHninivtion  with  the  frontal  and  parietal  lobes,  but  also  with 
s^nno  tvnvolutious  of  the  temporal  lobe  and  the  island  of  BeiL  The 
inrny  matter  of  this  organ  is  composed  of  delicate  connective  tissue, 
with  **  friH^  nuclei  sparingly  distributed  through  it*'  The  nerve- 
cvlU  of  the  nucleus  caudatus  are  multipolar  and  of  two  sizes ;  some 
are  alKHit  ^ )  9  inch  in  diameter  with  many  processes,  but  most  are 
luuoh  Mualler  (nVir  in<^b).  Between  the  fibres  of  the  gray  matter 
\\f  the  nucleus  leuticularis  are  many  cells  with  yellow  pigment  in 
thenv 

*rhe  thnv  ix^UiH^tions  of  gray  matter — the  locus  niger,  and  the  can- 
\Ute  atui  leutiouhir  nuclei  of  the  striate  body — with  the  nerve-fibres 
wUioh  \u*i>;iutite  iu  them  and  bind  them  together,  have  been  held  to 
VKumtit\ito  a  (viuuH^teil  chain  of  nervous  organs,  to  which  the  name 
''i:Hi\>;Ua  of  the  crusta**  has  been  given  by  Meynert  Becently, 
lHk%Hev%«r.  t\\\*  relation  of  the  corpora  striata  as  ''basal  ganglia,"  or 
^^iu^ddl«^meu  *'  between  the  spinal  cord  and  the  cerebral  cortex^  has 
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called  in  qnestiou  by  Wernicke  ami  A.  Hill.  The  latter  argues,' 
chiofiv  on  morphological  grouiiils,  tlmt  the  imcloiin  Ciiiidntiis  nhould  J 
be  separated  from  the  optiu  thaltuuus,  uiul  cdnnetrtvil  immc<(lii)tst|jr  I 
with  the  cortex.  This  councction,  he  thinks,  is  favored  Ly  tliu  im-  I 
ture  of  its  development,  liy  its  minute  atructuro,  nbich  diSera  from  I 
that  of  the  thalamus,  nod  bv  its  rescmblaDce  to  imotlier  imnleua  | 
(Uie  amygdaloid)  whiub  has  au  uuduubtod  iirigiii  fniru  the  curUix. 

Another  chain  of  nervous  organs,  leading  botwacu  the  pons  i 
Varolii  nn-l  the  hemispheres  of  Ui«  I 
Ijruiu,  cousisls  of  the  tegmeiitum  of  I 
and  its  ganglia — the  red  I 
Ducluue  (already  describfid),  corpus  I 
BubthalamicoD,  the  corpora  geniou-  I 
hitn,  aud  the  optic  thahiiui. 

~  igement  of  the  nerroua  1 

elemenLs    in    the   ext«mal  cifpui  1 


PiB.  n.— rnnul 


genic\tJiUum  ia  peculiar :  it  oonmets  of  alt«rnate  layers  of  white  and 
gmy  matter,  ns  though  occasioned  by  laying  a  lamina  of  tJio  gray 
between  two  medullary  laminte,  and  then  folding  them  in  a  zigzae 
manner.     The  nerve-celis  of  this  organ  are  from  (^5  to  jj^  o 
inch  in  length,  and  y^  of  au  inch  in  breadth  1  they  are  coarsely  1 
granular  and  pigmented. 

The  'rptic  Ibalamug  is  a  mass  of  pray  matter,  with  multipolar  and 
fastfonu  cells,  traverBed  by  nerve-fibres.  This  gray  matter  is  par- 
tully  subdivided  into  two  parts,  an  inner  and  an  outer  nucleus. 

'  Tlifl  Pl&n  uf  Iba  Ceu(r»l  Tfervous  Syitcm,  pp.  SS  ft. 
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Its  free  snrface  (inner  and  upper)  is  corered  by  a  Ujer  of  white 
fibres.  On  its  outer  sarface  is  tho  white  matter  of  the  internal 
captmle,  formed  by  fibres  direT^ng  from  tbe  cnista  into  the  hemi- 
spheres.  All  along  this  surface  fibres  radiate  from  the  intcxior  of 
this  oi^^,  and  mingle  with  those  of  the  internal  capsule  on  their 
wajto  the  cerebral  hemispheres.  Those  io  front  pass  to  the  frontal 
lobe ;  those  in  the  middle  pass  to  the  back  part  of  the  same  lobe 
and  to  the  parietal  lobe  ;  those  behind  to  the  temporo -sphenoidal 
and  occipital  lobes. 

"  The  external  and  under  surfaces  of  the  tfaalamos  an  not  free, 
but  are  united  with  the  other  parts  of  the  brain.  The  under  snr- 
face  is  united  with  the  tegmental  part  of  the  cms  cerebri,  while 
the  external  surface  is  covered  bj  white  substance,  that  is  formed 


of  6breB  of  the  cruata,  which  here  diverge  into  the  substance  of  the 
hemispbere  and  pass  between  the  thalamus  and  the  lenticular  nu- 
cleus, forming  the  so-called  '  internal  capsule '  " '  (comp.  p.  87  t). 
The  cells  of  its  substance  sverage  about  ^^  inch  in  length  and 
j-^  in  breadth ;  their  long  axis  is  parallel  to  the  coutse  of  the 
nerve-fascicles.  According  to  a  recent  authority,*  the  thalamus 
is  the  primary  centre  of  the  optic  nerve,  and  is  also  connected  with 
the  olfactory  nerve — originally  by  way  of  the  fornix. 

The  nervous  substance  of  the  corpora  qwidrigemina  conaiBts 
mainly  of  gray  matter  covered  exteniaUy  with  a  thin  layer  of 
nerve-fibres.     In  the  interior  of  the  upper  or  front  pair  the  moat 

■  Qiuin'B  Auatom.T.  nlutlt  edition.  11.,  p.  824. 

*  A.  Hill,  The  Flu  ot  th«  Cantnl  Narvoni  SjitaB^  ppL  90  & 
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t  of  this  ori^n  U  rouml ;  it  iti  a  laver  of  fine 
[  Inngitudinnllj.  Iwtween  whit^b  are  Btufill,  si-nU 
a  the  eKteninl  stnvtA  of  tUi-so  bcHli(.-9  niuttipolnr 
;  in  Ibeir  interior,  at  the  aides  of  the  S^lviau 
t,  is  •  eotlivtion  of  gray  matter  wtiicli  forms  a  continuation 
ft  Qsinf  of  the  lliiri]  Tentrii'lc-     Tbo  uerre-cellB  in  the  corpora 
a  wry  greatl;  in  aze.    Host  o[  those  in  the  superficial 
■Itstai  n*  aoull ;  but  in  the  drepcr  strata  some  of  them  reach  the 
WMaaaum  of  neuiy  g\t  of  aii  inch.     The  centres  of  origin  for  the 
l^ttMnd  foartb  twrvM  are  in  that  nervous  structure  of  6ne  fibrils 
^^^^^■ariB  e^la  which  lies  along  the  Sylvian  aqueduct. 
^^^^^^Bha  amuigt-itivnt  of  thu  nervous  elements  in  all  the  basal 
^^^^^^^i  BOODPCteil  with  the  cerebral  peduncles,  indicates  tlie  ua- 
[        tasif  Um  laevbxnixii)  of  this  region  of  tho  brain,     ft  ia  conatmcted 
M  M  to  a>ordiiuite  all  tho  nervivlnu-ta  of  motion  with  those  of 
■Ui,  and  thtn  give  to  these  ganglia  important  reflex  and  auto- 
it  powen  over  the  aeniiory- motor  apparatus,  whih^  subonlinatitig 
n  tn  Uw  oontivl  of  the  nervous  centres  uf  the  cerebral  curtei 
■  Ss  tBrlber  abore. 

L  uid  dominating  nervous  centres  in  the  cerebral 

■  th«  paths  of  nervous  impulse  are  laid  from  t)ie  basal 

totning  oat,  as  it  were,  of  ttm  ncrve-tilires  on 

■  white  core  of  the  cerebrum,  whidi  la  called  lhn 

nt^'     Tlifl  i!orona  in  formed  by  the  fibres  that  radiate 

I  bodie*.  from  thu  riptic  Ihalanii,  and  the  internal 

ft  ooOTolutJoDa  of  the  lobes  of  the  hemiapheroa. 

cnbtnattan  of  the  norvoiia  elements  into  the  pre- 

lex  mechauiam  of  the  oouvolutions  of  the  human 

J  be  tlearribi'd  from  two  points  of  view ;  the  first  is 

n  which  their  varioua  nlrrnol  >nl^6u^e8  may  bo  regnrded  by 

i  »j*,  the  aecond  that  which  liistolo(fy  assumes  wlieu  it 

r  th«  microscope  varioiu  sections  made  from  layers 

la  atteniat  aspect  of  the  coitvolutions  vary  so  much 

a  in  the  two  hrniisplicree  of  the  same  brain, 

e  of  bringing  order  out  of  this  apparent  confuaiuu 

I  what  b  gvBvral,  and  for  tho  most  part  constant,  in  the 

4  of  what  ia  |»tticular  aod  anbject  to  change     In  making  such 

J  tlw  atuilj  (i<  embrrolojry  is  capecially  important    Certain 

'  **^ifed  their  oom^Miuding  grri  appsnr  with  a  nmilcod  regular- 

*T  li  the  earlier  awl  more  fuodumental  atajjaa  of  the  development 

*f  1^  tatal  braiD.     So,  too,  does  the  «xauiDatio&  of  the  sorfaoes 

I  of  th«  adult  bnia  ahow  ecrtalu  de^freea  of 
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strength  with  which  the  sulci  and  gyri  are  disiingaishable,  and 
thus  enable  the  iuTestigator  to  diride  them  into  so-called  pri- 
mary, secondary,  and  even  tertiary  classea  Bischofi^  Ecker,  and 
others  have  aptly  compared  the  primary  gyri  to  the  large  mountain 
ranges  whose  sinuosities  give  to  an  entire  region  its  characteristic 
features  ;  the  secondary  gyri  are  like  those  subordinate  ranges 
which  are  brought  into  existence  through  the  formation  of  longi- 
tudinal yalleys  (secondary  sulci)  in  the  main  ranges ;  while  the  ter- 
tiary convolutions  may  be  compared  to  the  small  spurs  which  run 
out  into  the  valleys  between  the  principal  ranges  and  from  their 
sidea  Only  the  primary  gyri  are.  as  a  rule,  pretty  regularly  dis- 
posed. 

It  is  by  means  of  the  primary  sulci  that  the  surfaces  of  the  hem- 
ispheres of  the  brain  have  been  divided  by  modem  anatomy  into 
five  territories  or  Lobes.'  The  frontier  lines  of  these  lobes,  how- 
ever, are  clearly  laid  down  only  on  some  of  the  surfaces,  while  on 
other  surfaces  the  lobes  encroach  on  each  other  without  distinct 
boundaries.  The  five  lobes  are  called  Frontal,  Parietal,  Temporo- 
sphenoidol  (also  Temporal  or  Sphenoidal),  Occipital,  and  Central, 
or  Insula,  or  Island  of  Beil ;  the  latter  does  not  stand  in  immediate 
relation  with  the  walls  of  the  skulL  The  Frontal  Lobe  is  divided 
from  the  parietal  on  its  upper  and  lateral  surface  by  the  Fissure  of 
Bolando  {sulcus  centralis)  ;  and  on  its  lower  surface  from  the  tem- 
poral lobe  by  the  horizontal  branch  of  the  Fissure  of  Sylvius.  The 
Parietal  Lobe  is  divided  from  the  temporal  for  the  greater  part 
by  the  Fissure  of  Sylvius,  and  from  the  occipital — on  its  median 
surface  completely,  but  on  its  upper  surface  only  very  incompletely 
— by  the  parieto-occipital  fissure.  The  Temporo-sphenoidal  lobe 
is  distinctly  marked  off  from  the  frontal  and  parietal,  as  already 
described  ;  while  the  boundary  line  between  it  and  the  occipital 
lobe  is  ill  defined.  The  Island  of  Beil  lies  concealed  between  the 
frontal,  parietal,  and  temporo-sphenoidal  lobes;  its  surface,  when 
ex2X)sed  by  drawing  aside  the  margin  of  the  Sylvian  Fissure,  shows 
a  few  short  convolutions  which  radiate  forward,  upward,  and  back- 
ward from  a  central  spot  on  the  lower  siuiace.  The  occipital,  tem- 
poro-sphenoidal, and  frontal  lobes,  all  have  three  principal  convolu- 
tions an^angcd  in  parallel  tiers  (superior,  middle,  and  inferior)  ;  in 
the  frontal  lobes  these  three  spring  from  the  anterior  part  of  the 
ascending  convolution  just  in  front  of  the  Fissure  of  Bolando  (that 
is,  from  the  gyrus  centralis  antefior)  and  run  forward  to  the  front 
end  of  the  cerebrum. 

'  The  convolutions  are  here  described  in  dependence  upon  Hm  work  of 
Ecker,  The  Convolutions  of  the  Human  Brain.    London,  tSiii, 
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g  26.  A  few  of  the  most  important  of  the  sulci  aod  gyri  need 
separate  meDUon  ;  the  accompanying  diagrams  will  naik»  dear 


further  details  (see  Figs.  34,  35,  and  3C).     Anioni^  the  niilci  which 
bound  the  maio  territories  of  the  cerebral  heiuittpliereu  the  Fituiure 
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of  Sylvius  is  much  tlie  most  important  "It  can/  says  Edrar, 
"  in  nowise  be  considered  in  the  same  category  as  the  rest  of  the 
sulci  on  the  surface  of  the  brain."  The  other  sulci  may  be  re- 
gBfded  as  mere  folds  of  the  cerebral  cortex ;  the  Fissure  of  Sylvius^ 
on  the  contrary,  is  made  by  folding  the  entire  hemisphere  iiito  an 
arch,  with  its  concave  surface  downward,  about  the  point  of  en- 
ti*ance  of  the  cms  cerebri  This  fissure  exists  in  the  foetal  brain  at 
the  third  montL  "  It  arises,"  say  Foster  and  Balfour,*  "  at  the  time 
when  the  hemispheres,  owing  to  their  growth  in  front  of  and  be- 
hind the  corpora  striata,  have  assumed  somewhat  the  form  of  a 
bean."  The  Fissure  of  Rolando  is  also  always  present  in  the  human 
brain.  It  makes  its  appearance  in  the  foetus  as  early  as  the  end  of 
the  fifth  montL  It  is  rarely,  if  ever,  bridged  over  by  a  secondary 
gyrus  ;  it,  therefore,  forms  a  point  of  departure  iu  the  examination 
of  all  the  convolutions.     It  is  bounded  for  its  entire  length  by  two 


Pio.  86.— ConvoluttonB  of  the  Inner  and  Tentorial  Sarfaoea  of  the  Left  Hemiai^ere.  1 1,  I.  oal- 
loMvnmrKinal  fliimire .  I.  /,  oalcaiine  flnmire ;  m,  m,  hippocampal  flware ;  n,  m,  collateral  fla- 
snrp :  PU.  fiarieuwiocipital  flnmire ;  17, 17,  marginal  ooovolution ;  18, 18,  ff]rnu  fbmioatas;  18^ 
qnndriUteral  lobule :  19,  hip|x>campal  Rynu ;  11K,  lia  recnrrad  end ;  26^  oodpital  lobale ;  %  % 
inferior  tvniporo-spbenoidal  uonvolution. 


important  convolutions  (the  anterior  and  posterior  centra]  or 
cending  frontal  and  ascending  parietal),  which  at  both  of  its  ends 
connect  to^etlier  in  the  form  of  an  arch  Tlie  fissure  which  sepa- 
rates the  parietal  from  the  occipital  lobe  (parieto-ocripital)  and  the 
one  which  runs  from  before  backward  through  the  parietal  lobe 
(intra-j>arietal)  are  also  to  be  mentioned  among  the  more  important 
The  intraparietal  fissure,  on  the  convexity  of  the  parietal  lobe,  in- 
cludes, between  it  and  the  median  line,  the  upper  parietal  convolu- 
tion, and  embraces  in  its  downward  and  outward  bend  the  angular 
convolution.  The  latter  convolution,  and  the  marginal  convolati<m 
form  the  inferior  parietal  lobule. 

*  Elements  of  Embryology,  p.  384.     London,  1888. 
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the  superior,  middle,  and  inferior  convolutions  of  the 

faotitp^^hi],  temporo-sphenoidal,  and  occipital  lobes,  and  the  two  cen- 

^^^=>JiYolution8  on  each  side  of  the  Fissure  of  Rolando,  the  follow- 

u^>    "Mrbich  belong  to  the  median  aspect  of  the  hemispheres,  are 

to  Y>^    noted  in  particular.     The  convolution  which  arches  around 

^^    oorpus  caUosum,  and  is  separated  from  the  median  aspect 

of  ibe  first  frontal  convolution  by  a  deep  and  constant  fissure 

(the  sulcus  calloso-marginalis)  is  called  from  its  shape,  gyrus  fomi- 

<^U9,    The  back  end  of  this  convolution  curves  downward  and  then 

forward,  under  the  name  of  gyrus  hippocampi^  to  the  inner  tip  of 

the  temporal  lobe.     The  passage  of  the  former  convolution,  without 

l>reak,  into  the  latter,  Ecker  considers  one  of  the  most  important 

d^erences  between  the  hemispheres  of  the  brain  of  man  and  those 

of  the  ape. 

§  27.  Although  the  general  arrangement  of  gray  nervous  matter 

upon  the  surface,  and  of  white  matter  within,  is  adhered  to  in  all 

P^i^  of  the  cerebral  cortex,  the  form  and  disposition  of  the  cells 

^  the  gray  matter  differ  in  different  regions,  and  also  in  different 

^jers  of  the  same  regions.    But  its  most  common  form,  which  is 

that  seen  in  the  convolutions  of  the  parietal  lobe,  corresponds  to 

^hat  Meynert '  has  called  "  the  general  or  five-laminated   type  of 

the  cortex  of  the  cerebrum."    There  are,  as  a  rule,  that  is  to  say, 

five  layers  or  laminse  to  be  discovered  in  the  gray  matter  of  the 

^J^ebral  cortex.     The  thickness  of  the  entire  cortex,  thus  com- 

P^^®^<1,   is,  in  the  adult,   from  -^^  io  \  ol  an  inch.     The  first  of 

layers  consists  of  a  matrix,  in  which  delicate  nerve- fibrils  run 

P^i^lel  to  the  surface  and  interlace  with  a  few  small  globular  or 

^  ^^gated  branching  nerve-cells  scattered  here  and  there.     The  na- 

^^^  of  this  matrix  has  been  the  subject  of  dispute  ;  by  some  it  is 

^ked  upon  as  connective  tissue  (Kolliker),  by  others  as  neuroglia 

V'lrchow).     The  second  and  third  layers  contain  a  large  number 

u  ^^2*™i^^  or  spindle-shaped  cells  ;  of  these  layers  the  third  is 

^^  broadest,  and  contains  the  largest  (but  fewest)  cells.     The  cells 

01  the  second  layer  are  about  ^^ou  ^^  ^^  ^"^^*  ^^  diameter,  and  are 

^  ^^ly  pressed  together  to  form  its  substmce  ;  but  in  the  third 

^^yer  they  augment  gradually  in  size  until  they  reach  a  diameter  of 

To?nr»  to  perhaps  ^^^  of  an  inch,  with  their  long  axes  pei-peudicu- 

*^  ^  the  cortical  surface.     The  fourth  layer  contains  larpfc  num- 

"^^  of  small,  globular,  and  irregularly-shaped  and  branching  cells  ; 

^"^  fifth,  spindle-shaped  bodies  with  long  tapering  ])rocesses,  and 

^  a  certain  number  of  smaller  irregular  cells.     This  innermost 

^y^r  consists  chiefly  of  a  compact  accumulation  of  cells  which  give 

'  In  Strieker's  Human  and  Comparative  Anatomy,  ii.,  p.  381. 
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off  lateral  proceaaes.  Oarlacb  diacorera  here,  aa  in  the  apinal 
(aae  §9),  a  verj  minnte  network  with  which  theae  prooesse 
apparently  coDtinuoua.  It  ia  also  an  aaamnption,  Toiified  bf  ( 
obaerration  of  aome  caaea,  and  by  the  general  anologj  of  the  na: 
Bjat«m,  that  many  of  the  extreme];  attenuated  nerre-fibrila  i 


_Lip, ',;,.'...'.,.;•■ .;  '.■•,;'. '.rA 


-.  M.)mjmrmm'*m  limit  ^^ 


tadLite  troia  ttie  white  oore  of  the  oonTohitioiis  are  continaona 
the  basal  asis-i-yliuJer  prixressea  of  the  evils  in  the  lajeia  of 
subetani-e.  t^imill  ruuudevl  L-urpiiscleu  anil  smaQ  atellate  ce) 
pelluctii  that  theT  aneni  to  be  onty  hv«  ouclei.  a»  contained  i 
ueurt^ha  of  the  gray  substance  of  the  cerebral  oxtez.     It  ia  d 
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J>  ^^vrlietber  these  are  true  nervous  elements  or  not.    The  number 
*  x^^itXFe-cells  in  the  cortical  substance  is  very  great     In  a  portion 
I     'fcliis  substance,  only  one  millimeter  square  and  ^^^  millimeter 
c,  100  to  120  have,  on  an  average,  been  counted.^ 
Iliilodifications  of  the  arrangement  which  prevails  in  most  of  the 
^y  substance  of  the  hemispheres  of  the  brain  are  found  in  certain 
re^dona     In  the  cortex  of  Uie  occipital  lobe  the  number  of  layers 
is     Increased  by  the  intercalation  of  additional  granule  layers  to 
se^ven  or  eight.     In  the  cortex  of  the  Island  of  Keil,  and  of  the  con- 
volutions bounding  the  Fissure  of  Sylvius,  a  large  proportion  of 
f a.sif orm  cells  is  found.     In  the  fourth  layer  of  the  cerebral  cortex 
of    the  dog,  in  the  region  which  Hitzig  considered  to  be  motor, 
Betz  discovered  certain  cells  lying  in  scattered  groups,  with  two 
Ift^^e  and  several  small  processes  ;  these  cells,  on  acccount  of  their 
g^eat  size,  he  called  "  giant-cells."     Similar  cells,  have  been  found 
hy  him  in  certain  regions  of  the  human  cerebral  cortex — namely,  in 
the  entire  anterior  central,  and  the  upper  end  of  the  posterior  cen- 
t^  convolutions,  and  along  the  lobe  which  is  prolonged  backward 
from  the  two. 

§  28.  The  white  substance  of  the  hemispheres  of  the  brain  may 
^  l>e  considered  as  originating  in  its  cortical  gray  substance  ;  but 
^^  Herve-fibres  of  which  it  is  composed  constitute  three  classes, 
^^K-c^ing  to  the  destination  of  the  fascicles  into  which  the  fibres  are 
gatheired.   These  three  are  the  dovm-going  or  peduncular,  the  com- 
ttissiaj^  and  the  arcuate  (or  fbrce  proprue).     It  is  the  busiuess  of 
^^^  pf^riuncular  system  to  connect  the  cerebrum  with  tlio.  lower  parts 
01  the    enceplialon.     This  system,  called  the  corona  radiata,  in  nar- 
rowe<3.    into  the  internal  capsule  and  continued  downward  to  the 
*^y^^^^   cerebri ;  its  diminished  size  shows  that  a  considerable  por- 
tion c>f  its  fibres  have  entered  into  the  optic  thalami  and  striate 
hoai^^>.     But  it  is  also  probable  that  many  fibres  of  the  crusta  j^ass 
^^^^^^'tlj  into  the  brain's  medullary  centre,  and  through  this  to  its 
S'^y   oortex,  without  entering  these  ganglia.     Of   such  tracts  the 
"^    Icnown    is  the  pyramidal   (probably   motor).      According   to 
rlecYxsig  and  others,  this  is  traceable  through  the  internal  capsule 
and  Corona  radiata  to  certain  frontal  and   parietal   convolutions. 
Another  tract,  traceable  directly  to  the  convolutions  of  the  cortex, 
paaaes  from  the  external  part  of  the  crusta  into  the  white  matter 
o'  the  occipital  lobe  (so-called  direct  aensori/  tract).      The  fibres 
vnich  come  from  the  tegmentum,  and  are  lost,  for  the  most  part,  in 
tnethalamug  and  the  subthalamic  region,  stream  outward  from  the 
other  side  of  this  organ,  join  the  general  system  of  the  corona  radi-* 
'  8ee  LayB,  The  Brain  and  its  Fonotions,  p.  17.     New  York,  1882. 
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ata,  and  diverge  to  nearly  every  pari  of  the  hemispheres ;  bat  espe^ 
dally  to  the  temporo-ephenoidal  and  occipital  lobes  (probaUy  sen- 
sory). 

The  commisnural  Bystem  of  fibres  has  hitherto  nniyersaUy  been 
supposed  to  connect  the  two  hemispheres  of  the  brain  ;  but  Pro- 
fessor Hamilton,  of  Aberdeen,  and  others,  have  recently  called  this 
statement  in  question.  The  principal  tract  of  such  fibres  is  in  the 
corpus  callosum.  Since  this  commiESure  lies  in  a  plane  above  that 
of  the  corona  radiata,  the  two  systems  of  fibres  intersect  each  other 
on  their  way  to  the  convolutions  of  the  cerebral  hemispheres.  A 
smaller  commissure  (the  anterior)  passes  below  the  lenticular  nuclei 
of  the  striate  bodies  and  connects  the  convolutions  around  the  Syl- 
vian fissure— binding  together  the  right  and  left  temporo-sphen- 
oidal  lobes ;  it  also  furnishes  a  root  of  origin  for  the  olfactory 
nerve. 

The  afvuate  fibres  extend  over  more  or  less  territory  on  the 
same  side,  and  connect  the  gray  matter  of  adjacent,  or  more  or 
less  distant,  convolutions  in  the  same  hemisphere^"  a  garland-like 
interweaving  **  of  two  convolutions  around  the  sulcus  between  them. 
In  certain  localities,  where  the  fascicles  into  which  these  fibres  are 
gathered  are  strongly  marked,  they  have  received  special  names ; 
such  are  the  fasciculus  uncinatus  which  crosses  the  bottom  of  the 
Sylvian  fissure  and  connects  the  convolutions  of  the  frontal  with 
those  of  the  temporo-sphenoidal  lobe  ;  the  fillet  of  the  gyrus  fomi- 
catus,  extending  longitudinally  in  that  convolution  ;  the  longitudi- 
nal inferior  fasciculus,  connecting  the  convolutions  of  the  occipital 
and  temporo-sphenoidal  lobea  Such  fibres  are  sometimes  called 
longUudinal  or  collateral  fibres.  It  is  by  the  commissural  and  arcu- 
ate fibres  that  the  innumerable  ganglion-cells  and  nerve-granules  of 
the  cortex  are  bound  into  a  unity  of  form  and  of  function.  The  pro- 
cesses of  the  cells  anastomose,  and  are  thus  united  with  immedi- 
ately adjoining  cells  by  means  of  a  gray  fibre-plexus.  The  axis- 
cylinder  processes  become  continuous  with  the  medullated  fibres, 
which,  gathered  into  bundles  (the  fascicuU  of  ths  arcuate  fibres), 
line  as  a  continuous  layer  the  inner  surface  of  the  cortex.  In  this 
manner  the  nervous  elements  of  that  crowning  mechanism,  which 
is  known  as  the  chief  glory  of  man's  nervous  system,  are  made  to 
exliibit  a  manifoldness,  and  at  the  same  time  a  unity  of  structure, 
suggestive  of  a  common  service  joined  with  diversity  of  mode  in 
which  the  service  is  rendered. 

§  29.  The  view  of  Meynert — to  which  reference  has  already  been 
made  (p.  73) — regards  the  gray  masses  and  converging  and  diverg- 
ing tracts  of  the  cerebro-spinal  nervous  mechanism  as  a  *'  Projeo- 
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lea  of  "  pnijcetion  HjaUrns"),  which 
jrthe  hemispheres  of  tiie  cerebrum.    Tho 
V  6guniti»ely  (Jetrribcil  m  the  •■  feelei%" 
1  tliu  "  amiH  "  of  ita  curtiuil  gray  matter, 
s  bo*ii  a  '■  (teusory  ehetl."  upon  which  the  ccutripetol 
I  gntlirr  nnil  dispase  themselves  ;  and  is  alao  tliu 
'  in  which  nartAiu  ccutHfugal  tuationa  uriginnte.     It 
I,  ma  tDtonukl  "  I*rojpctiuQ  Ftold  "  for  the  muacular  sya- 


flR  Ite-  l-^-lm    1 


gft^irsT'S 


^-  Hn  grw^  iDWri  of  tiiA  hntiD  he]o^  iln  h(vni)n[>hercH  (with 
"*  twyliuii  of  lh«  inlfrnml  tubulnr  mam)  may— iwvorrtfng  to 
^VMIt—ba  ilfMribml  aa  fdtlu>r  (d)  "  Iti terra ]it ion  MnnuHi  ~  of  die 
^^iw  KjnlMa,  or  u  bf  loDifioff  in  (li)  tho  "'  Reftinn  of  Iteluc- 
'^'  of  Ibi  mirn  of  thin  ayHbinL  It  is  in  thom  lowrr  eny  mtimr* 
"Athn  ip^t  balk  of  the  ntfrvr-tncU  (iho  isoronn  nulinl*)  euminft 
^  U»  cortn  of  the  cerehnmi  are  Dot  only  broken  and  iD(«r< 
^'*) « tkeir  ooune,  but  arc  also  gnatiy  ndocod  iu  aize.'    Tho 
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I  fouctioDft]  in)n>ificat>(^c  ot  tlu"  r^Ution  in  whinfa  tbtt  o 
l<tbin<lM  to  all  the  rest  of  tfao  nervoiiB  taecbanisoi  wiQ  4 
IjClfcarly  further  on  in  tho  ilutctuwian. 

§30.  Tlio  cenbro-spttml  asia,  or  centnl  nei 
be  cjtvity  of  Uio  apinnl  coliimo  and  dniU,  is  cotioeetfld  wt 
|n<l-orfintu)  of  motion  itnJ  of  m-hm  by  thiitjMine  pain  of  fi 
■kI  InnUo  )jnin  of  Cranial  or  Gnoepbatic  Nerves. 
tlia  tlurt,v-one  pairs  of  Spinal  Nerves  originate  ia  tfaa 
1  and  poaa  out  of  tbe  Epioal  canal  tluoiigfa  the  opetunga  * 


I*  jMli>rviirl»il>rftl  foraroiBa.'     Of  tbe  entire  number — enanMi 

ovK— i-tHlit  paint  arc  oprvicnl,  Iwvlvw  thoracic  or 

i>  liiinlMr,  flvi'  Mumtl,  ouo  coccygeal.     Bach  Bcrv«  ariscit  (ra 

•if  lliA  coni  b,v  two  roots,  on  anterior  and  a  posterior. 

[•rloi  luol  lina  a  swulHn);  or  ganglion  upon  it,  tb«  anterii 

1  llir  fiirmor  i«  oompoaed  of  senaoiy  iierve>flbre%  tlut 
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Th«  ganglion  of  tho  poeterior  roots  coDtaLoa 

Tlie  rouU  themselves  varj',  \a  the  different 

1,  both  an  respectJi  <Urectioii  otiJ  leogtb.     Iiuiue- 

»  ganglion  tbe  luiterior  root  joins  the  poaterior, 

aro— njnlniuing  n  mixture  of  motor  onil  Eensory 

r  bFiMinitJMi  iuto  two  divietuiis,  tliiit  nre  toruieil  gf 

)  each  root  and  that  are  distributed,  one  u[>ou  the 

I  tbo  othor  apon  tho  front  and  Hidee,  to  all  parts  of  the 

t  twnlni  pairs  (ndoptini^  tho  Cont  iiieiitnl  iiiuttuvd  of  the 

o)  of  Cnuiiid  Ntrves,  whioh  arise  from  the  base  of 

■  ui<l  {MUB  tbnmgh  tbo  opeuiugs  (fonuuiua)  in  the 

"  1  eavilv,  three  }>roiip8  majr  be  diatinguisheil :  (a) 

%,  or  ni-rres of  special  eonso  :  {hf  the  motor  nenra  ; 

TtM,  which  contain  l>oth  sensory  and  motor  fibres. 

»  belong  tbe  olfactory  nerve  (first  pair),  the  optic 

ir),  mm)  tlio  nadilory  (oightb  pair) ;  to  the  second  groisp 

■  that  xipply  tliu  principal  muscles  of  tlio  eyeball 

»r,  tlttnl  pair),  the  stiiierior  obUque  (tixjchlear,  fourth 

d  rvetiu  (alnlaoeiil,  sixth  pair),  niusclea  of  tho  eye, 

[  tuaul  L'xpremiiou  (sercuth  ixtir),  tho  muscles  of  the 

L  tirclfth  pair),  nnd  the  spinal  accessory  nerve 

') ;  to  tbe  third  group  biduug  thd  tliri'v  iirrvcB  which 

P^^BwUaljr  distributed  over  the  mucous  membnuies  and  umttiJea 

]  "t^hMt  klag■M^  phnrynx.  and  i&tvriinl  organs — ^namely.  the  Iri- 

r  ^MiaM^fiftli  pair),  lhf>  g)oMO|>hiiryngual  (ninth  pair),  and  the  pnou- 

*f*nt  or  Tiffus  (t«nth  pair). 

Ml  b  IN,  tbm.  bja  prooAW  of  diSlerentiation  of  a  f«>w  cmnpam- 

'"i'T  niiils  tJamenta,  ami  of  Itifluitvly  varivd  arrangement  and 

n  of  tha  riunmts  thiu  differentiated,  that  tho  ebhorate 

B  at  tJw  Iminaii  wTTotu  Hyntem  is  constructvtl,  and  made 

L  't  Iv  Ihi  gnat  VKiioty  of  interoonnected  functions  which  it  it* 

D  ptttona     Uotorinl  atoms  arc  chi;micully  united  into 

■  •mI  VMtaUeitiijIaeuIeHofwhiidi  n«rvous  mutter  iHcom- 

*  ars  Kmuged  into  the  strucltirul  fi^nns  of 

nlltt  ;  and  tltn  Utlrr,  at  hutat,  an>  inoiUfted 

I  ■0eDnUti)t  to  tltrir  locatiim.  and  porbapa  olao  fuDotioa. 

p  ooubiDed  into  conducting  cords,  endorgans,  and 

I  **IM  argtaa,  aeeonltng  to  the  Ihroefold  plan  of  a  nnrrous  tn- 

^<  Old  tlw  organs  arv  arranirH.  in  the  eaue  of  man,  with  an  in- 

^^  al  fdoliuti*  «birh  con  !«  only  very  ina<l«H]tial*ly  dcscribwi. 

lb  dampbnn  of  tbn  mrchaiusu  buing  fiui^ifid,  WO  considar 

^h  dttaU  wbat  it  cod  do. 


CHAPTER  m. 

THE  NERVES  AS  GON0DCflN»& 

§  1.  In  that  threefold  economy  of  organs  which  characterizes  the 
developed  nervous  mechanism,  the  office  of  propagating  the  neural 
process  between  the  central  organs  and  the  end-organs  has  been 
assigned  to  the  nerves.  The  power  to  originate  this  process  under 
the  action  of  external  stimuli,  although  experiment  shows  that  it 
belongs  to  the  nerves,  is  not  exercised  by  them  while  in  their  nor- 
mal place  within  the  mechanism.  It  is  the  office  of  the  end-organs 
to  transmute  the  physical  molecular  processes,  which  are  their  stim- 
uli, into  the  physiological  and  neural  process,  and  hand  it  over,  as  it 
were,  to  these  conducting  corda  But  the  office  of  the  nerves  as 
conductors  is,  of  course,  not  like  that  of  a  tube  which  conducts  along 
its  channel  some  kind  of  fluid,  nor  is  it  like  that  of  the  wire  or  bell- 
metal  which  is  thrown  into  vibration  throughout  It  is  a  molecular 
commotion  which,  when  started  at  any  point  in  the  nerves,  movea 
in  both  directions  from  point  to  point  along  its  course.  The 
intimate  connection  between  the  two  functions  of  excitation  and 
conduction  becomes^  then,  at  once  apparent  Indeed,  exciiatioit 
may  be  considered  as  the  setting  up  of  the  process  of  conduction  ; 
conduction  as  the  uninterrupted  continuance,  or  propagation  from 
point  to  point,  successively,  of  the  process  of  excitation.  Each 
minute  subdivision  of  the  nerve,  then,  must  be  regarded  as  consti- 
tuting, in  some  sort,  a  source  or  centre  of  stimulation  with  respect 
to  its  neighboring  subdivisions.  If  the  nerve-commotion  is  to 
move  along  the  nerve  N^  between  two  distant  portions  of  its  struct- 
ure, a  and  z,  then  a  must  act  upon  its  neighbor  6  as  a  stimulus,  6 
upon  0,  and  so  on  successively  until  y  is  found  stimulating  z,  and 
the  process  of  progressive  excitation  or  conduction  is  complete. 

§  2.  It  follows  from  what  has  just  been  said  that,  in  considering 
the  nerves  as  conductors,  the  conditions  and  laws  of  the  origination 
of  that  process  of  excitation  which  they  conduct  must  be  taken  into 
account  It  is  neither  necessary  nor  convenient,  however,  to  carry 
throughout  a  distinction  between  the  two  functions — the  excitabil- 
ity and  the  conductinty — of  the  nerves ;  it  is  better  to  regard  them 
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kftt  different  points  of  view.  Tlie  arising 
b  of  a  unique  molecular  comniotiou  cou- 
lurol  action  or  fuuction  nf  tlie  uorvea. 
(  |]«rT»-com motion  has  eliidcil  nil  tiK<  nt- 
iaipti  Utbettn  atada  (o  diacovcr  its  more  intimate  nivture,  luiil  to 
bag  11  nailBr  r  strict  tlieoiy,  we  must  be  content  wilb  describing 
ft>  CDOmriDg  thn*  clrnmgi  of  facts :  (1)  The  Conditions  of  the  pro- 
«^;  (tt)  Uw  Ptwinomau  evoked  with  it,  or  as  [>urt  of  it,  by  dilTer- 
al  kinih  of  itimQli ;  (3)  tlie  Iaws  of  ita  propa^tion. 

Vfaat  M  oall«l  "  tb»  f^cnenO  physiology  of  nerves  "  attemptji  to 
■pitfrtrr  their  antioii  while  excluding  Ute  influeuee  ui>on  it  from 
(h*  etalnl  tirguia  mad  tlie  ond'Organ&  That  it),  the  function  of  the 
^  as  wa  DOW  oonaiilcr  it,  is  oxennBoil  nmlcr  ahnnnnal  conditions. 
1  objected  to  the  riew  which  regards  each  element  of 
)  atinm/iM  of  neighboring  elemonte,  that  the  ef- 
4  artificial  KtimtiUtion  must  differ  in  important  respects 
e  obteiDed  by  atimulatiun  in  the  uoruial  way.  For  exam- 
D  Mtd  uthet*  huTo  sliowu  that  the  crushed  nerve  of  an 
I,  or  tba  ptmlyzed  acrm  of  a  man,  muy  be  uiudo  to  set  up  n 
a  by  reflex  stimulation  when  it  will  no  longer  respond 
I  applied  diroctly  to  ita  tnmL  And  Onitihngen  af- 
!■■■  that  aftor  a  atretdi  of  nenv  has  benn  redui-n)  hy  tliv  effects 
d  to  a  lower  degree  of  excitability  under  direct  stim* 
I  >till  pn>pa^l4)  through  itiwlf  the  excitation  aet 
a  with  uitdimiuiahed  force.  Such  tartH,  however,  only 
>  application  of  stimuli  to  the  nerve  for  piuposes  of 
m  a  nxy  rou^h  and  inoSectivn  way  compared  witli  nat- 
1  of  ptqwring  the  atimuli  by  the  modifying  influence 
moa  tJMiMa  tlMunaalvaa.     Tliey  do  not  prove  that  the 

■  ia  not  fundammtally  the  winiu  in  wlmtuver  way  it  ia 
On  the  ooatrory.  there  ia  abundant  evidence  lo 

■  abnormal  aetirily,  when  carefully  atudinl,  will  give 
n  tbe  Diimiid  fuoeUon  of  tiie  nervea     The  advautagea 

ing  tbfi  |m>hli>ni  by  experiments  upon  isolate]  nerves 

L,  and  the  fuiid  of  valid  infonuntiun  tliuit  ohlaiiicd  i> 

it  for  oa  to  neglect  the  mcthoil  proposed.     The  science 

I  pbyBology  of  the  ihtvp*  "  in,  indeed,  very  hirgiJy 

I  with  tliH  motor  uerveM  nf  Ira^;  and,  of 

J  Im  aaU  lliat  frogs,  with  respect  lo  their  uorvoua  sya- 

m,  an  nrj  onliko  men.     But  with  rr>])4i'-t  tu  tht< 

V  of  that  n»eeiflc  nolecolnr  procew  which  is  net  up  in  the 

Im  odtod.  trofft  appMr  lo  bo  easentially  tbe  same  oa  men. 

^  tty  nta,  wn  bar*  tw  phyvioal  nunna  adequate  fur  detecting  any 
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essential  difference&  In  other  words,  nerres  are  nenres  tiie  nofld 
over  ;  and  what  they  do  as  nerves  simpl j,  is  essentially  one  thing  in 
all  cases.  What  they  do  in  their  vastly  different  arrangements  and 
connections  with  central  organs  and  end-organs  differs  vastly  in 
different  cases, 

§  3.  The  view  that  each  element  of  every  nerve,  irrespective  of 
its  kind  or  specific  place  in  the  animal  mechanism,  can  only  stimo- 
late  its  neighbor  and  be  stimulated  by  its  neighbor,  soggests  an- 
other interesting  inquiry.  Is  this  stimulus  of  the  nerve-elements; 
this  effect  in  exciting  contiguous  elements,  aniJogous  to  any  of  the 
so-caUed  external  stimuli  ?  Or,  in  other  words,  the  inquiry  may  be 
raised :  Is  the  process  of  nerve-commotion  in  the  nerves  similar  to, 
or  identical  with,  any  of  those  molecular  processes  which  act  as  in- 
direct stimuli  upon  the  nerves  through  the  end-organs  ?  In  answer- 
ing this  question  it  has  long  been  custonuuy  to  aUy  nerve-commo- 
tion with  electricity.  In  a  posthumous  work  by  the  mathematician 
Hansen,  in  1743,  it  was  first  proposed  to  consider  the  efficient 
principle  of  nervous  action  as  identical  with  that  of  the  electrical 
machine.*  Exactly  a  century  later  (1843)  du  Bois-Beymond  an- 
nounced the  discovery  of  an  electrical  current  in  unexcited  nerves 
(the  so-caUed  **  current  of  rest ").  Since  then  the  phenomena  of  this 
current,  of  the  negative  variation  of  the  nerve,  and  of  electrotonus 
— all  discovered  almost  simultaneously  by  the  same  investigator — 
have  been  the  subject  of  much  painstaking  research.  This  research 
has  resulted  in  showing  that  important  differences  exist  between 
the  neural  process  and  that  of  the  electrical  current,  and  in  making 
more  and  more  clear  the  impossibility  of  forming  a  purely  electri- 
cal theory  of  the  nervous  functions.  On  the  other  hand,  it  has  also 
revealed  many  important  similarities  between  the  two.  It  is  by 
experiment  with  the  effect  of  electrical  currents,  of  different  kinds 
and  directions,  and  under  varying  conditions,  that  the  science  of 
general  physiology  of  the  nerves  has  been  built  up. 

§4.  In  order  to  understand  the  general  results  of  experiment 
upon  the  nerves,  the  nature  and  use  of  the  so-called  Nerve-muade 
Machine  must  be  understood. 

A  "  nerve-muscle  preparation  "  consists  of  muscle  freshly  taken 
from  the  living  animal  with  its  attached  nerve  dissected  out ;  for 
example,  the  gastrocnemius  muscle  of  the  frog  with  the  attached 
sciatic  nerve.  Such  a  preparation  may  be  kept  alive  for  some  time 
in  a  moist  chamber.     By  tb^  simple  contrivance  of  connecting  the 

'  See  in  du  Bois-Keymond*s  ^'reat  work,  the  historj  of  opinions  on  this 
point :  Untersuohungen  ubur  thierischu  Electricitat,  II.,  i,pp.  200  ff.  Berlin, 
1849. 
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end  of  the  mnsele  with  a  lever,  arming  the  lever  with  some  means 
of  making  a  mark — either  pen,  or  bristle,  or  needle — and  bringing 
its  point  thus  armed  to  bear  on  a  rapidly  travelling  surface  (plain 
P^per,  or  smoked  paper,  or  glass),  the  time  and  amount  of  the  con- 
tractionB  of  the  muscle  may  be  recorded.  The  most  refined  means 
for  noting  the  exact  instant  when  the  stimulus  is  applied,  and  also 
the  state  of  the  effects  produced  at  every  succeeding  instant  of  their 
duration,  are  of  first  importance.  The  nerve  may  be  stimulated 
with  different  kinds,  degrees,  and  directions  of  the  electrical  cur- 
rent (or  with  other  forms  of  stimuli)  at  any  points  preferred  in  its 
stretch,  and  under  a  great  variety  of  conditions  with  respect  to  tem- 
perature, moisture,  mechanical  pressure  or  stricture,  integrity  and 
^tality  of  its  structure,  etc. ;  and  the  effects  of  such  stimulations 
upon  the  contractions  of  the  muscle  may  be  noted  and  compared 
&8  they  have  been  recorded.  Means  for  testing  the  most  delicate 
^d  rapid  changes  in  the  electrical  or  thermometric  conditions  of 
^  nerve  may  be  appUed  to  it  at  any  point  of  its  stretch.  Varia- 
tions and  refinements  of  experiments  essentially  the  same  may  be 
^naost  indefinitely  multiplied  ;  the  experiments  may  be  repeated, 
wid  verified  or  corrected,  by  the  same  observer  or  by  others.  In- 
asmuch as  the  preparation  is  both  muscle  and  nerve,  an  acquaint- 
ance with  the  behavior  of  the  muscle,  and  with  the  laws  of  its  con- 
^^^tion,  is  necessary  in  order  that  it  may  be  known  how  much  of 
'he  complex  phenomena  is  to  be  ascribed  to  the  functional  activity 
of  muscle,  how  much  to  that  of  nerve.  But  into  a  statement  of  the 
^^iieral  laws  of  contractile  tissues,  and  of  the  nature  and  explana- 
"on  of  the  behavior  of  muscle  when  irritated,  we  cannot  enter.' 

^Hain  terms  in  constant  use  to  describe  the  methods  and  results 
^^  ^^iperiments  with  the  nerve-muscle  machine  also  require  a  brief 
^^planation.  The  Hne  traced  by  the  armed  end  of  the  lever,  as  it 
^^^  and  falls  with  the  contractions  of  the  muscle,  is  known  as  the 

^^scle-curve."  In  so  far  as  it  shows  changes  that  are  due  to  the 
Edition  of  the  attached  nerve,  or  to  the  (lUJility,  intensity,  and 

^^i*  of  the  stimulations  applied  to  that  nerve,  this  curve  is  a 
^^^Ure  of  the  process  of  neural  excitation  and  conduction.     If 

^  electrical  current  flows  with  the  course  of  the  motor  nerve- 
^tch — that  is,  from  the  central  toward  the  T^eripheral  parts — it 
^  Called   "  descending,"  or  direct ;    if  in   the  opposite  direction 

^*^nding,"  or  inverse.     Tlie  current  to  be  detected  in  an  unex- 

''or  a  description  of  the  metliod  and  results  of  exi>eriinentiivc  with  tho 
^^^'^e-moaci^  preparation,  more  accessible  to  t lie  general  reiulc^r  than  the  hooks 
^^Mch  reference  will  chiefly  be  made,  see  Foster's  Text-book  of  Physiology, 
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cited  nenre  (a  nerve,  that  is,  whose  functional  actiniy  is  not  at  the 
time  in  exerdse  on  account  of  the  i^y(dication  of  any  kind  of  stim- 
los)  is  called  a  '*  natural  current,"  or  a  "  cnrrmit  of  xeBt"  The  eor- 
rent  produced  by  stimulating  the  nerve,  and  so  calling  into  exer- 
cise its  physiological  function,  is  a  "current  of  action."  When 
a  single  induction-shock,  or  a  number  of  such  shocks  repeated 
at  sufficient  intervals,  is  sent  through  a  nervenstretch,  the  contrac- 
tile spasm  of  the  muscle  in  response  to  each  shock  shows  that 
a  single  "  nervous  impulse  *'  is  passing  along  the  nerve.  When  the 
single  stimulations  are  repeated  with  sufficient  rapidity,  the  sin^ 
spasms  fuse  into  one  apparently  continuous  effi>rt,  known  as  *'  tet- 
anus," or  ''tetanic  contraction."  The  term  "tetanus'*  applies 
primarily  to  the  muscle  only ;  but  the  application  of  rapidly  re- 
peated shocks  to  the  nerve,  such  as  would  produce  "  tetanic  con- 
traction '*  of  the  muscle,  may  be  called  the  "  tetanization  of  a  nerve." 
The  contraction  which  follows  the  closing  of  the  current  is  caUed 
the  "  making  contraction,"  or  "  closing  contraction  ; "  that  which 
follows  its  opening,  the  "breaking"  or  " opening  "  contraction. 

§  5.  Of  the  conditions  under  which  alone  the  nerve  is  capable  of 
exercising  its  function  of  neurility  the  most  important  are  these 
three  :  Vitality,  Oxygen,  and  Becovery  from  previous  exhaustion. 

A  nerve  cannot  act  as  a  conductor  of  the  neural  process  unless 
it  is  vital ;  but  the  death  of  the  nerve  is  not  necessarily  simultane- 
ous with  that  of  the  body  from  which  it  is  taken,  or  of  the  muscle 
to  which  it  is  attached.  On  the  contrary,  by  careful  treatment  with 
respect  to  moisture  and  temperature,  and  by  guarding  it  from 
mechanical  or  chemical  injury,  it  may  be  preserved  alive  for  some 
time  after  excision.  The  indirect  irritabiUty  of  the  muscle  through 
the  excised  nerve  attached  to  it  frequently  continues  in  warm- 
blooded animals  and  in  high  temperature  not  longer  than  about 
an  hour  ;  in  the  frog  and  in  a  low  temperature  it  may  last  for  sev- 
eral days.  The  nerves  of  the  summer  frog  are  much  more  perish- 
able tlian  those  of  the  same  animal  in  winter.  A  nerve  is,  of  course, 
alive  as  long  as  it  will  excite  the  muscle  to  contract.  But  the  nerve 
is  not  necessarily  dead  when  the  attacheil  muscle  no  longer  responds 
to  its  excitation  ;  the  failure  may  be  due  to  the  death  of  the  very 
sensitive  and  perishable  end-organs  which  connect  the  twa  Her- 
mann '  considered  that  the  existence  of  electrical  phenomena  in  the 
nerves  of  rabbits  showed  the  nerves  to  be  alive  for  several  hours 
after  they  would  no  longer  stimulate  the  muscle,  and  also  after  the 
muscle  itself  could  not  be  irritated  directly.  Nerves  may  even  be 
aUve  after  they  cease  to  exhibit  electrical  phenomena  that  can  be 

»  Handb.  d.  Physiol,  IL,  L,  p.  120. 
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i  hf  Um  tDOHt  (lelimte  te%ia  mnHahie.  It  i§  [toHsible  that 
y  tor  fixdUtiou  may  linger  aftrr  LIjo  ciipnt-ity  l»r  cou- 
fthm  BtalMtlon  is  lost.  Sitiro  the  iieirc.  iiiiiiko  tlic  muscle, 
or,  w»  cuinot  <mj  jiwt  when  it  is  wbollj-  tleail. 
DBnagtlMitagca  of  djutg.  Berrca  exhibit  two  Jiitereating  cJiiingf^ 
<f  iiriTBWti'j  lmin«dij|tely  aft^r  it  is  aerered  from  tho  body 
ft*  initaiHlttj  of  tbn  wsm  increases  tempiinirily,  anil  nftern-iiril 
^BBBiabas  bjr  auMMai**  dtgnua  uuUl  it  is  wholly  lost.  The 
snns  of  tfaeaa  olimnttca  in  ita  irritability  ia  Tound  to  be  dlffereut 
fcr  diAnnt  fmxta  of  tba  mmn  nwvo-atrvt^li.  It  wna  iliacuvercd  by 
Ukaad  BiMar'  llMtftaem  wfaidi  Inwonee  ceased  to  slimulatu 
ill  attadieil  muscle  to  oonti'act  will  agaiu  excite  tniisculnr  contrnc- 
Ibk  if  Um  flHitrtxlea  bo  a[i|ilii'il  fnrtber  down  ita  streti^b ;  there- 
'  r  portion  of  Ibo  uerTe.«tretcb  seema  to  preserve  a 
m  of  titAJity  for  the  longest  tittie.  From  this  fart  "  Villi's 
I  bcun  dArired :  Nerves  die  fmm  the  centre  tu  the 
Tl»*  tein[M>rar7  increase  of  the  irritability  of  the  ex- 
•lotigs  indofd  to  its  ontiro  stmtch  ;  but  it  ■{ipc-iirs  first 
pATl.  Thia  tact  is  eomiected  with  the  iiuixtrtaut  iu- 
I  ths  cro—  acctioD  of  a  nerve  baa  upon  ila  electrical 
ndttion.  A*  b>  tho  n^nson  for  this  iiicreivso  of  nervmis 
I  'tWhfcflily  wliieb  Mccomponies  the  first  stage  in  the  dying  of  the 
I  imH,  v*  are  <)alt«  in  titit  ilark. 

(It  Opm^  bUimJ  to  th«  fon>going  changes  are  tliose  which  tate 
I^Mi  is  lb*  ttmctnre  B4kI  funrtional  activity  of  a  nej-io  lluit  ru- 
■■Mia  tKe  living  axuitud  organism  after  having  l>eeu  separated 

■  Um  ccntt»l  orgaoK     Snch  n  nvr\-e,  after  a  tinu),  completely 

■  Ha  imtafaililj.     T«oiiiresligatunt,(ttinther  and  Schiiu,'  found 
ittias  to  be,  ia  tb*  caae  of  rabbits  or  doga,  about  three  or  four 

•  eold-UooiIrd  animal  like  the  frog,  tbn  tinio  may  bo  pro- 

Bck,  or  ei'm  more.     The  law  of  increased  irritabiUty, 

Uie  eatire  nerve^trcteh,  but  fit>it  manifested  in  the 

*  tfao  ciOM  attTtion.  inmiediiitelr  after  seporution  from 

1^  bolds  good  fur  must  iibsL-rvutionH  ou  nerves  cut 

■  obfious,  however,  ouly  ti>  the  c.vf"  of  the 

In  1850  Wolln-  onnnuncml  '  the  diwovi-ry  thai  Ih.' 

■  (a  fnUy  or  (franular  degi-ni'Tulioti)  which  lake 

II  tba  a«rv»-fibrv«  after  buing  aevered  frum  tin*  central  orgnns 

d  ban  Um  plaon  of  •ectiiin  to  Ihn  cxlnmie  peripbnnd  {wrtiou 

'^  «■  ia  BotrlUfBiwir*  tltii«nurhiiii««a,  oU.,  I.,  pp.  821  B. 

'^  «h*  Arcbir  t  AnaL  llijdoL.  -u. .  I^M,  ji.  37(1. 

*b  n^Miihial  TraonotlaDa,  tSU),  fl ,  p.  4331  •^  •"•  *^'  Anbl*  f. 

tw^a.  r^jmL.  isai,  |k  tm. 
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of  the  fibre ;  and  that  the  sensory  nerves  do  not  degenerate  in  their 
peripheral,  but  in  their  central  portion,  when  the  posterior  roots 
are  cut  above  the  ganglion.  The  central  portion  of  the  nerve,  when 
cut  at  a  point  lying  toward  the  periphery  from  the^  ganglion,  may 
be  shown  (in  the  case  of  the  sensory  nerves,  which  alone  admit  of 
being  experimented  upon  for  this  purpose)  to  retain  its  irritability 
for  a  long  time,  although  it  finally  loses  it  through  lack  of  exercise. 
A  cut  nerve  remaining  in  situ  may  be  regenerated,  and  so  regain  its 
functional  powers.  Begeneration  takes  place  by  the  axis-cylinders 
growing  out  from  the  central  portion  and  running  into  and  between 
the  sheaths  of  Schwann  of  the  peripheral  portion ;  it  is  accom- 
plished, then,  by  the  influence  of  the  central  organ&  The  irrita- 
bility of  the  nerve  returns  as  its  structure  is  regenerated.  Accord- 
ing to  some  investigators  its  conductivity  is  regained  earlier  than 
its  power  of  local  irritability.  Duchenne  '  and  othera  claim  that 
the  influence  of  the  will  is  the  first  form  of  stimulus  to  regain  con- 
trol of  regenerated  motor  fibre& 

§  7.  Oxygen,  as  furnished  by  the  circulation  of  the  arterial  blood, 
is  the  second  condition  for  the  performance  by  the  nerves  of  their 
distinctive  functions  But  nerves,  as  compared  with  the  central 
organs  or  end-organs  of  the  nervous  system,  or  even  with  the  mus- 
cles, are  relatively  independent  of  the  presence  of  oxygen.  Indeed, 
since  the  muscle  is  so  much  more  sensitive  to  changes  in  the  qual- 
ity of  the  blood,  and  is  supplied  by  tlie  same  arteries  that  supply 
the  attached  nerves  ;  and  since  the  irritability  of  the  nerve  is  tested 
by  the  vital  contraction  of  the  muscle — it  is  difficult  to  determine 
by  experiment  the  exact  effect  upon  the  nerves  of  withdrawing 
from  them  the  oxygen  of  the  blood.  The  irritability  of  the  nerves 
continues  about  as  long  in  a  moist  vacuum,  or  in  indifferent  gases, 
OS  in  the  air.  What  little  is  known  of  the  chemical  processes 
which  take  place  ii?  the  nerves  confirms  the  view  that  they  are  rel- 
atively indei)endent  of  the  presence  of  oxygen  ;  and  the  experi- 
ments of  Sevcrini,  who  thinks  that  he  has  discovered  a  restorative 
effect  of  ozono  (if  not  of  onlinary  oxygen)  upon  these  organs  when 
dying,  are  not  yet  fully  confirmed.  It  may  be  argued,  however, 
from  the  marked  dependence  of  the  other  forms  of  nervous  tissue 
ui>on  a  8iii>ply  of  arterial  blooil,  as  well  as  from  the  general  theory 
of  the  nervous  system,  that  the  presence  of  some  oxygen  is  a  nee- 
essiin'  condition  of  the  fiuictional  activitv  of  the  nervea 

g  8.  Exhaustion  is  a  condition  of  the  nerves  recovery  from  which 
is  necessai'v  in  oiiler  that  thev  mav  exercise  their  normal  functions : 
but  exhaustion  of  the  uvrivs  is  difficult  to  distinguish  experimen- 
1  Traite  de  roloctrisatiou  localisco,  second  edition.     P&ris,  1861. 
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taUy  from  ezhanstion  of  the  central  organs  or  of  the  end-organs. 
The  experiments  of  du  Bois-Beymond  upon  the  negative  varia- 
iion  of  the  nerye*current  under  repeated  irritation  give  us  the 
:£r8t  item  of  the  desired  proof.     The  variation  under  these  circum- 
stances becomes  constantly  weaker.    By  ingeniously  separating  the 
proofo  of  exhaustion  in  the  muscle  from  those  of  exhaustion  in  the 
xierre,  Bernstein  *  has  shown  that  the  latter  comes  on  much  more 
ilowly  than  the  former ;  and  that  by  far  the  greater  amount  of 
the  effects  attributed  to  exhaustion  in  the  nerve-muscle  macliine 
Wong  to  the  muscle-element  of  this  machine.     When  tired,  how- 
ever, the  nerve  recovers  more  slowly  than  the  muscle.     Nerve- 
oeUs— and  therefore  the  central  organs  and  end-organs  of  the  ner- 
vous mechanism — tire  much  more  easily  and  quickly  than  ncrve- 
fibrea    Indeed,  according  to  Hermann,^  it  is  conceivable  that  all 
the  phenomena  of  exhaustion  which  take  place  in  tbe  normal  expe- 
rience of  the  nervous  system  belong  really  to  the  organs  connected 
^th  the  nerves  rather  than  to  the  nerves  themselves.     When  we 
aw  tired  nervously,  it  is  not  ordinarily  the  nerves  that  are  tired. 
And  yet  the  law  of  the  exhaustion  and  recovery  of  functional  ac- 
tivity doubtless  belongs  to  normal,  as  it  does  to  excised,  nerve-fibres. 
§  9.  The  various  classes  of  phenomena  which  are  evoked  in  con- 
nection with  the  starting  and  propagation  of  nerve-commotion 
along  a  nerve-stretch  will  be  considered  from  two  points  of  view  : 
First,  as  regards  their  dependence  upon  the  character,  amount,  and 
method  of  the  appUcation  of  the  stimuli  which  are  used  ;  and,  sec- 
ond, as  indicative  of  certain  processes — chemicid,  thermic,  electri- 
cal, etc.— set  up  in  the  nerves  themselves.     We  shall  thus,  as  far 
^  possible,  avoid  repetition. 

§  10.  The  mechanical  properties  of  the  nerves  are  of  Httlo  inter- 
est to  psycho-physical  researches ;  and  comparatively  little  con- 
cerning their  physiological  functions  has  been  learned  by  the  ap- 
plication to  them  of  mechanical  stimuli.  The  elasticity  of  nerves 
in  the  dead  body  was  found  by  Wertheim  to  follow  the  same  laws 
^  that  of  the  muscle — their  absolute  ductility  id  less  than  that  of 
Muscle ;  their  cohesion  greater.  All  kinds  of  mechanical  attacks  on 
"^®  nerves  excite  them,  and  are  followed  by  pain  in  the  case  of 
^nsory  nerves,  contraction  of  the  muscles  in  the  case  of  motor 
nerves.  By  rapid  shocks  of  this  kind — for  example,  with  a  toothed 
^neel  or  a  hammer — tetanus  may  be  produced.  A  certain  sudden- 
^^  of  influence  is,  in  general,  necessary  to  the  effect.  Yet  Fon- 
"^  succeeded  in  cutting  nerves  very  quickly  with  a  sharp  knife 
^wiout  producing  any  muscular  contraction.  Pressure  of  a  nerve 
'^Pflager's  Archiv,  xv.,  p.  289  f.         "Haudb.  d.  Physiol.,  II.,  i.,  p.  135. 
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may  be  increased  very  gradually  to  a  high  degree  wiihont  exciting 
it ;  but  its  power  of  conductivity  is  thus  temporarily  suspended. 
Very  moderate  pressure  or  slight  traction  of  the  nerve  has  been 
found  by  several  investigators  to  increase,  at  least  for  a  moment^ 
the  irritability  of  the  nerve  ;  and  perhaps,  also,  the  speed  of  con- 
duction in  it  All  neural  function  is,  of  course,  destroyed  by  anj 
considerable  mechanical  injury  of  the  nerve,  such  as  often  happens 
by  stricture  or  pressure  from  a  swelling. 

§  11.  Thermic  influences  upon  the  phenomena  of  the  neural  pro- 
cess are  very  marked  and  important  On  the  other  hand,  almoei 
nothing  is  known  as  to  the  specific  heat  of  nerves  or  as  to  then 
power  to  conduct  heat  Hermann  thinks  it  probable  that  the 
latter  is  different  in  the  two  main  directions  of  the  fibrea  The 
results  of  experiment  differ  as  to  the  degree  of  heat  which  is  neces- 
sary to  act  upon  the  nerves  as  a  stiroulua  Valentin,  the  first  ob- 
server in  this  line,  found  that  dipping  the  motor  nerves  of  frogs 
in  water  heated  to  about  100°  Fahr.  (38°  C.)  caused  contractions; 
but  Eckhard  obtained  such  results  only  from  temperatures  above 
1508°  to  154.4°,  or  below  25°  to  22°— that  is,  temperatures  that 
are  either  deadly  or  permanently  injurious  to  the  nerve.  Nor, 
according  to  the  latter,  is  the  nerve  excited  by  changes  in  tempera- 
ture as  it  is  by  changes  in  the  electrical  current  Slighter  changes 
near  the  dead-line  may  have  an  effect  to  excite  the  nerve  ;  but  con- 
siderable changes  in  the  medium  temperatures,  as  a  rule,  have  no 
such  effect.  It  is  the  opinion  of  some,  however,  that  such  thermic 
changes,  when  marked  and  sudden,  may  act  as  a  stimulus  to  mo- 
tor nerves.  It  was  shown  by  E.  H.  Weber '  that  beat  and  cold  have 
no  effect  in  producing  sensations  when  applied  directly  to  the  sen- 
sory nerve-trunks  of  man. 

While  there  is  little  evidence,  then,  to  show  the  direct  excitatory 
effect  of  heat  upon  the  nerves,  there  is  no  doubt  whatever  as  to 
the  importance  of  thermic  influences  upon  their  excitabiUty  and 
conductivity.  High  degrees  of  temperature  may  destroy  the  pow- 
er of  the  nerve  to  perform  its  functions,  but  without  killing  it 
Warmth  increases  the  immediate  expenditure  of  energy  in  an  ex- 
cised nerve,  and  so  hastens  its  death ;  cold  delays  thb  expenditure, 
and  so  consei-ves  the  nerve.  The  limit  of  this  increased  irritability 
of  the  uer\'e  under  the  influence  of  heat  is  reached  at  about  122° 
Fahr.  ;  as  the  degree  of  beat  applied  rises  from  this  point  toward 
150°,  its  effect  is  rapidly  felt  in  causing  the  death  of  the  nerve. 
Sudden  cooling  from  about  68^  down  to  60°  may  produce  a  tem- 

'  In  Wagner's  Handw'orterb.  d.  Physiol.,  III.,  ii.,  pp.  496,  578 ;  and  Arehiv 
f.  Anat,  Pby»Iol.,  etc.,  1B47.  p.  842,'  1J549,  p.  273. 
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pora^r^r  rige  of  irritability ;  but,  in  general,  cooling  below  59*^  di- 
minL^Llies  the  irritability  of  nerves.  The  effect  of  temperature  upon 
the  S2>eed  of  conduction  will  be  referred  to  elsewhere. 

§1-2.  Chemical  influences  have,  for  the  most  part,  surprisingly 
little      effect  upon  the  irritability  and  conductivity  of  the  nerves, 
especT^xaUy  in  view  of  their  great  sensitiveness  to  other  external  in- 
flaei:i.C2«a     Such  indifference  is  probably  due  to  the  protection  of 
the  ink^^rve  by  its  membranes.     The  effect  of  most  chemical  agents, 
whei:^    long  continued,  is  to  destroy  the  nerve  without  irritating  it ; 
bat  cuDme  agents  in  a  concentrated  form  act  upon  it  as  stimuli. 
The    3-^searches  of  Eckhard,  Kolliker,  and  Kdhne  have   given  us 
most;     of  the  information  we  have  upon  this  matter.     Only  two 
pointisneed  mention  here.    First :  Changes  of  the  amount  of  veater 
in  tk^e  substance  of  the  nerve  affect  its  functional  activity.     Drying 
the  nerve  produces  contractions  ending  in  tetanus ;  although,  ac- 
cording to  some  authorities,  these  effects  do  not  follow  if  the  dry- 
ing 1>©  very  sudden.     A.  slight  amoimt  of  drying  rnises  temporarily 
the  xinitability  of  the  nerve.     The  amount  of  the  decrease  ol  water 
necessary  to  produce  contractions  in  the  attached  muscle  is  given 
^y  Birkner  at  four  to  eight  per  cisni  of  the  weight  of  the  nerve ; 
i^t«t"bility  ceases,  although  the  dried  nerve  is  not  dead,  with  a 
I088    of  forty  per  cent.     Others,  however,  give  the  latter  figure  as 
*^^^en  eight  per  ceni  and  nineteen  per  cent     Swelling  the  nerve 
'^  ^^'stter  or  other  indifferent  fluids  decreases  its  irritability  slowly 
^  th^  point  of  entire  cessation. 

Seoond :  The  effect  of  certain  acid  and  alkaline  solutions  upon 
the  xierve  is  much  like  that  of  drjiug  it.  Various  neutral  salt  so- 
lutions, and  free  alkalies  in  solution,  produce  strong  muscular  con- 
tractions, ending  in  tetanus  and  death.  Certain  organic  sub- 
stances in  concentrated  solutions — for  example,  urea,  sugar,  and 
gljceiTine — irritate  the  nerve  ;  so,  according  to  most  observers,  does 
alcolxol  of  from  ninety  per  cent,  to  eighty  per  cent.  The  law  seems 
^  "^^  that  all  chemical  stimulation  of  the  nerves  is  closely  connected 
^th.   "the  destruction  of  the  nervous  tissue. 

§^<i.  The  phenomena  evoked  by  applying  the  stimulus  of  elec- 

tncif^  to  the  nerve-muscle  machine  are  very  numerous  and  diffi- 

^^  of  disentanglement,  since  they  depend  upon  such  a  variety  of 

chan^jjg  conditions.     Following  is  a  very  brief  statement  of  some 

01  ttx^  more  important  of  such  phenomena,  in  as  far  as  they  relate 

^  ^e  direct  excitatory  effect  of  this  stimulus,  and  also  to  its  effect 

^  Modifying  the  excitability  of  the  nerve.  * 

^ere,  as  throughout  the  subject  of  the  general  physiology  of  the  nerves, 
•       ^^  ^\\et  reliance  has  been  placed  upon  Hermann,  Handb.  d.  Physiol.,  II. ,  i. 
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The  resistance  which  living  nerves  offer  to  the  electrical  current 
does  not  differ  much  from  that  of  living  muscle  ;  it  is  given  hy 
most  authorities  as  somewhat  greater.  According  to  Weber's  in- 
vestigationp  its  resistance  is  about  50,000,000  times  as  great  as 
that  of  copper  wire.  According  to  Harless,  the  conductivity  of  the 
nerve  is  on  the  average  about  14.86  times  that  of  distilled  water. 
Hermann  found  the  conductivity  to  be  much  greater  in  the  longi- 
tudinal than  in  the  transverse  direction  of  the  nerve. 

As  to  the  direct  excitatory  effect  upon  the  nerve  of  constant 
currents  and  of  their  variations,  the  main  principle  is  that  formn- 
lated  by  du  Bois-Reymond  in  1846.'  This  principle  may  be  stated 
as  follows :  The  excitatory  effect  of  the  constant  current,  as  judged 
by  the  contraction-curve  of  the  muscle,  does  not  correspond  to  the 
absolute  value  of  the  intensity  of  the  current  at  each  moment, 
but  to  the  change  in  this  value  from  one  moment  to  another  ;  and 
the  effect  is  greater  the  less  the  time  in  which  changes  of  the  same 
magnitude  in  the  current  occur,  or  the  greater  their  magnitude  in 
the  same  length  of  time.  The  essential  fact  is  that  constant  cur- 
rents, while  they  remain  constant,  do  not  irritate  the  nerve  ;  vari- 
ations in  such  currents  do  irritate  it  The  variation  may  be  either 
from  zero  or  to  zero  (the  making  or  the  breaking  of  the  current), 
but  it  must  have  a  certain  degree  of  suddenness  to  be  of  any  effect 
Hence  induction-shocks  are,  relatively  to  their  actual  strength, 
much  more  effective  than  the  constant  current  in  exciting  the 
nerve.  Great  difficulties,  however,  stand  in  the  way  of  stating 
definitely  the  relations  that  exist  between  variations  in  the  strength 
of  the  constant  current  and  changes  in  the  excitation  of  the  nerve 
produced  by  these  variations;  Hermann,  indeed,  pronounces  the 
difficulties  ^'insuperable." 

It  is  not  absolutely  certain  that  the  constant  current  itself,  apart 
from  variations  in  its  strength,  has  any  excitatory  effect  upon  the 
sensory  nerves.  The  sensory  effects  produced  b3  such  a  current, — 
for  example,  pain  in  the  skin,  roaring  in  the  ears,  sensations  of 
hght  and  color,  electrical  taste,  giddiness  (as  when  the  current  ifi 
passed  transversely  through  the  head  at  the  mastoid  processes), 
etc. — are  due  to  the  end-organs  and  the  central  organa  It  is  per- 
haps probable  that  such  a  current  itself  may  produce  tetanus  in 
certain  nerves ;  but  the  effect  is  very  small  compared  with  thai 
produced  by  variations  of  this  current.    PflQger  found  tetanus  pro- 

'  In  a  paper  communicated  to  the  Physiological  Societj  in  Berlin,  Angnsi 
8tli,  of  that  year ;  see,  also,  hia  Untersachnngen  iiber  thieriache  Electricit&t, 
L,  p.  26». 
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•aia  of  ftbout  tbe  ordrr  of  tlic  so-calleil  mascle. 
—■  r.'  .  1  .il  ii-l  liy  strong  ouea. 
1  1     ■  f.   .  \.it3iorT  «ff«rt  of  the  constaut  current  ia  dependent 

j.r,  ]•.„   i','-,; _     If  ILrwi  gnulcs  of  strength  nro  nssigiiml  to  all 

mteh  irurreolA — uunelT,  weak,  meiliuiu,  aud  strong — tbu  reaulta  of 
tB  tbt!  i-iperitDrDl«rci  will  bi:  found  U)  agree  aa  to  the  dopeudenct) 
«f  Ibc  vSImH  •>(  medium  and  Hiruug  currenta  upon  their  direction  ; 
■  W  ibe  otao  of  weak  curreuts.  authorities  differ.  Tho  foUi>wiug 
liUa,  ^ran  hy  laager.'  states  the  coudusion  agreed  to  li;  the 


Contr^tian. 
CantnoUon. 
lUrt. 


RmL  I  rnnlraclioii.    Bnat. 

Caotraotioa.  ,  Contnu-tlon.    Couirarllon. 
CoDlruliun.    Coulrullun.  |  Rvulur  vrak 

I   conirMtlou. 


Iti  ben  tabulated  ar«  obtained  by  espeTiDienting  with 
ntotor  uorriia  of  fn>g«.  In  vxpcrimontx  with  tbu  sen- 
or  with  atiy  of  the  uervew  wliilr  remaiutng  in  the  lir- 
Um  ccMiilitiona  become  ao  complicated  that  satisfactory 
of  Pdtigor'A  coQclnijiotis  have  not  yot  bben 


k  Tbcneitatory  eSeot  of  the  constant  current  is  also  depend- 

I  tAwfoaittMbmAutuMremjlh.     Pu  Jtois-IIcj-tnnnd,  nfttir  ditHNivering 

I  UiWv,  fguceailud  la  nibe  the  in<}ui]y,  wLeLhcr  the  height  of  the 

'  iffa  the  variiiboii  is  piled  up,  na  it  were,   Ims  any 

■  cfllMA.     Variuuii  atti'iujitn  to  answer  Hit  intguity 

;  but  tlw  diacoTery  of  PliUj-tr'B  law  of  electrotonua 

f  to  IbniMUUi,'  cfaaogod  the  fonn  of  the  qtiestiun  to 

Vlial  ibfluftncti  ujmn   thu  exdtatnrr  vSetA  of  in- 

itimua  and  dimioiahiug  anclectrotnuus  dcK-s  tbt< 

__  .^  jant  of  axtating  clrotrotonon  bavp  ?    lu  thia  form  it  will 

■  Wnhiiu)  U>  n)i»in. 

I U  TttA  exdtatory  affMt  of  the  elMtrieat  current  ia  influi<noeil 

I    '((^''•gUk  of  ttM  tiMT«-«tn)lrh  IfarDUgrh  which  it  Aokb.     From 

g  of  cl«ctlv-|th;>iol<>gy  tJu>  opinion  boa  [irevnilcd  that 

*^rilalocy  eAct  is  tDmiaaed  by  th«  lengtli  of  tlie  ncrve-stretcb. 

^*'* *t(«  Mwaitb  Ihftorvttollj  wtlfa  dedartiomt  from  Pdllgcr's  law 

^*<tnilanii&     Hw  «s|im&mta]  proof,  iiowBTer.  is  somnwhat 

**^'inf-    Id  port,  ikmbUaM,  on  aocoutit  of   Lh«  wlmixtur*  of 

'  ^  raicnacltuaiw  «tMr  dt*  nijriabwl>  •!.   BMlraloniu.  p.  4A8.     IWr- 

*^  ^*^  '  HauJU  d.  Phjilol.,  a.  t-.  p.  Tft. 


114  THE  NXBVES  AS  OONBUCTOBS. 

dilSerent  local  conditions  where  different  considerable  lengths  of  a 
nerve  are  passed  through.  Different  investigators  have  found  the 
increase  of  irritability  in  the  nerve,  as  dependent  upon  its  length, 
confined  within  different  limits ;  one  has  fixed  the  limit  at  from 
1^  to  ^  inch,  another  at  from  ^  to  {  inch.  Willy  found  the  rule, 
in  general,  to  hold  good  only  for  descending  currents. 

§  17.  The  excitatory  effect  of  a  constant  current  is  influenced  by 
the  angle  between  the  axis  of  the  nerve  and  the  direction  of  the 
current.  After  considerable  experimentation,  with  varying  results, 
the  more  modem  researches  have,  according  to  careful  experiments 
made  by  Albrecbt  and  A.  Meyer,  in  the  laboratory  of  Hermann,' 
confirmed  the  opinion  of  Galvani :  The  electrical  current  does  not 
excite  the  nerve  when  it  flows  precisely  at  right  angles  to  the 
nerve's  axis. 

§  18.  The  duration  of  the  current  also  influences  its  effect  as  a 
stimulua 

Attention  has  already  been  called  to  the  exhausting  effects  of 
long-continued  stimulation  of  the  nerve,  whether  by  electricity  or 
otherwise.  But  can  a  shock  be  so  brief  as  not  to  stimulate  the 
nerve  at  all?  The  reason  why  very  brief  currents,  on  breaking  the 
circuit,  are  not  followed  by  a  contraction  of  the  muscle  is  obvi- 
ously to  be  found  in  the  fact  that  the  condition  of  anelectrotonus, 
on  which  the  breaking  contraction  depends,  has  not  had  time  to 
develop  itself.  But  J.  Eonig,  working  under  Helmholtz's  direc- 
tion, found  that  currents  which  would  produce  the  making  but  not 
the  breaking  contraction,  provided  they  had  sufficient  duration,  pro- 
duced no  contractions  at  all  if  they  lasted  only  0.001  of  a  second. 
On  increasing  the  duration  of  the  current  the  strength  of  the  con- 
tractions increased  also,  until  at  0.017-0.018  of  a  second  they 
reached  the  same  height  as  that  of  the  contraction  produced  by  the 
corresponding  constant  current  It  may  be  said,  then,  that  the 
electrical  current  must  act  upon  a  nerve  for  at  least  about  0.001^ 
of  a  second  in  order  to  excite  it  The  nerve  on  being  cooled 
becomes  more  sluggish  in  its  response  to  the  stimulus ;  at  the 
freezing-point  it  requires  a  duration  of  nearly  0.02  of  a  second  for 
the  stimulus  to  start  it  into  action. 
^^  §  19.  Besides  the  direct  excitatory  effect  upon  the  nerve  of  eleo- 
' "  trical  currents,  we  have  to  consider  their  effect  in  modifying  the 
action  of  the  nerve  under  stimuli,  whether  electrical  or  of  some 
other  kind.  If  a  nerve-stretch  is  under  the  influence  of  a  constant 
current  which  is  being  passed  through  it,  the  effect  of  stimuli, 
when  applied  to  any  part  of  the  nerve  and  judged  by  sensation  or 

*  See  hlB  HAndb.  d.  Physiol.,  II.,  L,  p.  81 1 
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I,  ifl  increAsed.  Thia  changed  coDdition  of  the 
t  to  iU  excitability,  wtiicti  the  electrical  current 
"  Kltvlr'/lnniin.''  Thtt  term  was  introduccid  into 
I  Boi»-Itoyuii>uJ,  who  was  preceded  iu  his  iu- 
t  17  Bitter,  Nobili,  and  Mattcucci,  aud  followed  by 
i,  EcklMrd,  and  otlurs.  It  is  Ffitlger,  honever,  nho  is  eu- 
I  tUU  b  hun  Ills  uune  jKnuatictitly  uttached  to  the  Inw  of  elec- 
;  for  it  ia  be  «ho  inont  thoroughly  aiinl}-zed  the  fuels, 
i  tlw  vuiabUs  tiy>m  tlio  cuostatite,  and  giive  ticieutific  fumt 
I  te  Um  raanlL  It  ia  found  that  the  niodilied  excitability  of  the 
I  nerro  (that  is,  of  th«  ucrro  which  hits  been  tlirr)wn 
I  )?  (be  puaigv  of  tbo  elMtrical  curnut  into  this  luodilied  condition 
I  Bf  natalalitjr)  is  cot  Duifona  through  ita  entire  strotcb,  but  ia 
it  in  th*  immiidtalo  nigton  where  the  electrodes  ore  applied. 
Mr,  it  diflen  at  tbo  two  tliK-trodes — the  condition  at  the 
•  lor  poMtive  pole)  from  that  at  the  cathode  (or  negntivc  ixilc). 
^  tima,  tor  that  port  at  ihn  strvtuli  which  lieu  between  tliu 
miMml  with  that  which  ia  outside  of  thu  electroden. 
w  staUfl  the  vholo  cose  ns  follows :  The  ex<ila!iilHif  of  a 
I  of'  (Ah  cuiuilant  cuiTv/iiI  ta  incrtYwei/  111  the 
t  reyion  (that  is,  on  both  sides  of  tbo  uegative  rlec- 
Jud  tn  thi'  uMlfdri^iiiiimd  rtytim  (that  is.  on  botli 
s  elMtixxle).  Tliia  law  is  declared  by  Hermann  " 
kiiwls  of  atiiuuhtii,  nud  in  nil  cases — with  the  only 
QofUiarapnjKilur  region  of  an  ascending  currt'ut. 
~  t  of  the  constant  current,  like  its  direct 
i,  n  ioflueDCed  by  tbo  alri'iigtb  of  the  current,  by  itn 
irMkin^,  and  by  tbe  length  of  the  strelcb  through 
Tbs  diangc  in  tlio  dxcitnbility  of  tbe  clectniU^niz^ 
t  with  tlio  atrongth  of  the  current,  from  tbe  low- 
)  point  ootil  it  won  reaches  a  maximum;  after  this 
widicd,  further  iiicroaao  of  eleotrotoiius  in  to  l>o  roc- 
f  b]r  Ilia  «ipaii<)ing  of  thia  condition  over  the  eitru- 
I  Ika  MTVB-atrctcb.  FUectroloniis  incrraHii  also  witli 
I  td  tlw  Dvrm-irtrrtch  oflV-i'tod ;  but  this  rulation  also 
im.  Electrotouic  clumg^s  in  the  catelccv 
*  nipan  oraor  immediately  ni>nti  mnking  tlie  current ;  they 
f  but  sligbtiy  increnwt,  auil  more  ulowly  diminish  again, 
■ilaifinlniiii  condition  develops  aud  extends  itaolf  corapor- 
J  almvly,  nac-lwa  a  m&ztmDiu,  ami  then  gradually  (nil*  off 
'  TIm  imiDMliala  canaaqMnce  of  breaking  the  cummt  ia  to 
■  dta  AlMtntaiuo  oonditioo  of  tbe  nerre  in  the  aneloctrotonic 
•  Hoadh  d.  Phjahil..  a,  I.,  p.  43. 
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region,  and  vexy  briefly  to  decrease  it  in  the  catelectrotonio  region ; 
the  former  increase  gpradoaUy  Tanishes ;  the  latter  decrease  is  fol- 
lowed, after  a  few  seconds,  by  an  increase  which  lasts  from  one- 
half  a  minute  to  fifteen  minutes. 

The  so-called  "  laws  of  electrotonus "  are  almost  whoUy  based 
upon  experiments  with  the  motor  nerves  of  frogs.  Great  and  ewen 
insuperable  difficulties  stand  in  the  way  of  proving  experimentally 
its  application  to  sensory  nerves,  or  to  the  nerves  of  living  and  self- 
conscious  man.  The  conditions  of  influence — from  the  central 
organs  and  end-organs,  from  sensation  and  vnll — upon  the  nerves 
in  such  cases  are  so  complicated  as  to  baffle  aU  attempts  to  analyze 
them  by  means  of  direct  experimentation. 

Further  consideration  of  electrotonus,  and  of  its  bearing  upon 
a  mechanical  theory  of  the  nerves,  must  be  for  the  present  post- 
poned. 

§  20.  The  phenomena  evoked  in  connection  with  the  starting 
and  propagating  of  nerve-commotion  along  a  nerve-stretch  may  be 
presented — in  the  second  place  (see  §  9)— as  indicative  of  certain 
Processes  set  up  within  the  nerves  themselvea  That  the  effect 
of  a  constant  current  is  not  exhausted  in  direct  excitation  of  the 
nerve  is  proved  by  the  changed  condition  of  excitability  which  it 
also  producea 

No  mechanical  process  that  can  be  made  directly  appreciable  by 
the  senses  or  accurately  measured  by  mechanical  means,  like  that 
which  takes  place  in  the  contracting  muscle,  occurs  in  the  nerve 
when  excited  to  its  physiological  activity  by  means  of  appropriate 
stimuli.  Whatever  changes  then  take  place  in  it  are  invisible  and 
impalpable. 

§  21.  Nor  are  we  much  better  able,  on  the  ground  of  experi- 
mental tests,  to  affirm  the  existence  of  any  thermic  process  in 
connection  with  the  excitation  of  the  nerves.  If  any  rise  of  tem- 
perature in  the  nerve  is  caused  by  the  application  of  stimulus,  it 
is  exceedingly  small  Helmholz,*  in  connection  with  his  investiga- 
tions into  the  heating  of  the  muscle  when  in  a  state  of  tetanus, 
could  detect  no  development  of  heat  in  the  nerve,  although  his 
means  would  have  revealed  a  change  of  only  a  few  thousandths  of 
a  degree.  On  the  other  hand,  Sohiff  and  Heidenhain  both  de- 
tected a  rise  of  temperature  in  the  brain  due  to  nervous  excitation. 
But  it  is  still  a  question  how  far  this  fact  indicates  anything  mo 
than  change  in  the  distribution  of  the  arterial  blood.  Moreover, 
the  former  of  the  two  observers  failed  to  obtain  any  evidence  oi 
heating  in  the  cerebellum  by  sensory  excitation.     The  ease  of 

1  Arohiv  f.  Anat,  Physiol,  etc.,  1848,  j^  158. 
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(Mm-cortlti  luid  tliat  of  th^  coUukr  tissue  of  the  cen- 
my  likelj-  Im  ilifToreut  in  tliis  regnrd. 
t  any  ehemictil  prociig'rn  been  iniliibitably  proved 
r  JB  flu  nervw  an  no  iti^companiniont  or  result  of  the  exer- 
OM  of  their  pfajnridogicii]  function.  Tliu  oulv  experiineutiil  evi^ 
iwacm  of  «aeb  ■  proceBa  ia  lite  cliaDge  of  reaction  which  some  ob- 
■nvra  hav*  faond.  Fanko  and  othrra  havo  asserted  thnt.  not  only 
L  time  afler  death,  liut  also  nft«r  exertion  oa  caused  by 
g  produrcd  witik  atrA'chDino-poisoniDg.  the  nerves  show  an 
But  Hridpnhain  and  other  observers  contest  tliis 
ilhywl  bict.  Other  asH-rtionK  of  clieuiical  changes  set  up  in  the 
Mras  try  ctdting  thoin  are  even  more  uncertain.  Ranke*a  theory 
tf  »  "  RMpintiiw  of  titc  nerves  "  is  quite  witliout  luiy  sutEciont  ex- 
Jtitaraimi  proof ;  and  an  ia  lua  claim  that  an  abaorption  of  the 
«ftl«r  of  th"  ncrvouii  tiwne  rcaulta  from  tclimua.  If  miy  chemical 
An^jtm  w  pnNluced  in  tlie  mtn-o  by  exciting  it,  they  are  Uke  the 
fttruijp  >xci»udingly  small.  This  fact  ia  proved  by  the  almost 
■i»|iliila  itHlc|>Mtden«>e  of  the  n«rvv  with  rcHjwct  to  the  oxygen 
d  Um  artoful  bkioil,  and  by  the  absence  of  any  observable  changea 
p  wluia  functionally  active.  But  here  again  we 
h  betwMD  th«  cnM  of  the  nervca  aa  conduotora  and 

U6  of  the  c^btr&l  orgttba. 

•  of  Uw  tttftrieal  /froci-M  in  nerves  functionally  ae> 

iDtfii|[.     It  waa  Dot,  however,  until  the  discovery  of  dn 

^BiTaknod.  KDMiDDcml  in  1H43,  Uint  any  ex]>eri mental  evidence 

'i^ttn  obteineil  Id  nbuw  tlie  I'xialeuco  of  electrical  currenta  in 

•  tatm,  altliongh  it  had  previously  been  conjeclurrd  tliot  tlie 

MaUintly  nrutml  ptooeaa   is  a  phase    of  <iIoctrici(y.      Thin  eit- 

^<>>*ler  toatui  that  in  tlia  c3M)  of  the  nerve,  as  in  thnt  of  the 

^■dt^tlM  tanm  acctiuu  ailiflcially  made  is  u<igattTo  toward  the 

i  aarfACV  of  11m>  oerve-atrptch.     Weak  loii^ptudiual  cur- 

r  iJtow  tlicniM-ItvH  betwncn  the  two  cross-sections  of  n 

•  lirvpAreil.    The  current  outai<]e  tho  ncrvn. stretch 

I  eomplotol  by  a  current  in  Uie  uerve-atretch 

I  to  the  eijiutor.     Thia  current  (mllfd  "nnlund 

"  or  "ciirtFnl  of  rest")  is  the  mimp  iu  the  aenaory, 

]  the  miiett  Ri-rTra  of  tUv  Minie  nnimal ;  but  ita  elec- 

»  grcalrr  th*  lftrj;iT  and  thicker  the  wrve.     Ita 

»  alnni^  in  the  aciatio  ucrro  of  the  frog  i"  nHveD  by  du 

'^ftiyiKmd  H  O.Ci-J  of  a  Doniell's  cell,  but  by  Eugelmann  ajt 

**^     U  gndnally  beonnic*  extinct  iu  tlie  nervi's  of  tlie  dead 

k''^,  hut  it  eoDtifltua  fur  »oui«  time  after  their  irrilnbihty  ia  lost. 
1W  |HD«  dMoovervr,  da  Boi»-Beyniond,  found  that  the  current 
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of  rest  is  diminished  in  energy  bj  tetanizing  the  nerve-stretch  with 
an  electrical  current.  That  is,  if  when  one  of  the  electrodes  is  placed 
at  the  equator,  and  the  other  at  the  cut  end  of  a  nenre-stretch,  the 
needle  of  the  galvanometer  indicates  the  passage  of  a  so-called  cur- 
rent of  rest,  and  then  the  muscle  to  which  the  nerve  is  attached  be 
tetanized  by  passing  an  interrupted  current  through  the  nerve,  the 
needle  will  swing  back  toward  zero.  This  variation  is  called  the 
**  negative  variation  "  of  the  nerve-current  It  may  be  produced  by 
chemical  and  mechanical,  as  well  as  by  electrical,  stimulation ;  and 
when  the  nerve  is  no  longer  irritable  the  negative  variation  sinks 
to  zero.  It  shows,  therefore,  that  the  electro-motive  force  of  the 
nerve  is  diminished  by  the  nerve  being  excited ;  and  the  degree 
of  the  negative  variation  is  a  measure  of  this  diminution,  although 
it  does  not  wholly  nullify  the  so-called  current  of  rest  The  nega- 
tive variation  of  the  electrical  current  in  the  nerve  is  closely  con- 
nected with  the  nerve-commotion  which  is  started  and  conducted 
in  the  nerve.  Since  the  excitation  of  the  nerve  is  known  to  be 
progressive,  or  of  a  wave-like  character,  the  nature  of  this  connec- 
tion, according  to  Hermann,  may  be  more  definitely  stated  as  fol- 
lows :  The  electrical  condition  of  each  excited  place  in  a  nerve- 
stretch  is  negative  toward  all  the  places  of  the  same  nerve-fibre 
that  are  unexcited.  Hence,  between  any  two  points  in  a  nerve- 
fibre,  while  the  nerve-commotion  is  passing  over  the  distance,  two 
phases  of  the  current  of  action  occur  ;  the  first  phase  is  in  the 
same  direction  as  the  course  of  the  wave  of  excitation,  the  second 
is  in  the  opposite  direction. 

§  24.  The  Laws  which  are  known  to  govern  the  starting  and  prop- 
agation of  nerve-commotion  along  the  nerves  as  conductors  are 
few  in  number ;  they  deal  chiefly  with  relations  between  the  mag- 
nitude of  the  stimulus  and  the  amount  of  the  resulting  impulses, 
and  with  the  conditions  for,  and  speed  of,  the  unbroken  propaga- 
tion of  these  impulses. 

The  relations  which  exist  between  the  magnitude  of  the  stimulus 
applied  to  the  nerves  in  their  normal  condition  and  the  amount  of 
resulting  nen'ous  impulse  cannot  be  given  with  accuracy.  For,  in 
the  first  place,  there  is  no  absolute  measure  for  either  of  the  two 
values  which  it  is  desired  to  compare.  Of  the  various  stimuH 
which  act  upon  the  nerve-fibres,  electricity  is  the  only  one  that  ad- 
mits of  even  a  fairly  approximate  measurement  as  an  excitant  of 
these  fibres  ;  and  the  excitatory  effect  of  electricity  does  not  vary 
in  direct  proportion  to  the  strength  of  the  current  but  in  propor- 
tion to  the  changes  in  its  strength.  With  reference  to  attaining  a 
direct  measurement  of  the  amoimt  of  the  process  set  up  in  the 
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B  hr  111*  stiiDuIni^  wo  Beem  to  be  in  a  yet  more  helpless  oou- 
TIm  rflect  of  tliU  process  is  nlmoBt  wholly  maiiifcEted  iu 
■oa  whli  wliieh  iht  nervo  is  coiiuecteil  rather  than  in  the 
e  ita^  Tbfiv  b  eridence  iu  tb«  case  of  the  uervcs,  liowcver, 
iM  io  that  of  ttto  tDOBrtrA,  Hint  tlieir  «xi;itAtion  consists  in  the  set- 
tisg  tnr,  bj  tb«  Ktiiiiuliui,  of  (Mjtciitial  energy  ihiu  tn  the  molecular 
cmMliiiiltHB  of  the  uerve  itself.  Bat  the  eiaH  nature  of  this  en- 
eritv,  HStl  of  it«  mnttiuiiinticsl  relktionft,  both  to  the  stimulus  and  to 
tbir  tvsnlttng  i-ucrgy  collc^d  fortli  in  tho  organs  conui;cte>1  with  the 
Bsrre,  we  •tuUl  |>robably  neTer  diseover.  tjlill  further,  &a  Orfltzuer  ' 
md  otbna  bvn  aliown,  the  some  kind  aud  degree  of  stimulus  pro- 
daow  dibmit  eflectii  wh«<n  applied  to  different  nen'cs. 

I SS.  AUowimg  for  tb«  uucertain  factorn,  bowerer,  soin«  approxt- 
Bito  iteteamt  nuy  bo  renturcd  bs  to  the  relation  between  the 
id*  of  tlut  KtimnluB  and  that  of  the  resulting  ncrro-commo- 
•  the  amount  of  the  process  in  the  uerve  by  tlie 
[  oontfvctian  in  the  muscle,  Herntano'  found  that  this 
iBonat  iDerMMM,  at  flnt  nplilly  and  tlieu  wore  slowly,  with  the 
mmaa»  of  Umi  ■timulua  According  to  Kick,'  tlte  height  to  which 
tts  Imr  is  raiaiiil  liy  tbn  contnurtions  of  tho  miisiTte  varies,  within 
Mtain  ItniU,  in  direct  proportion  to  tbe  uiuouiit  of  the  stimulus. 
The  kiM-mentioDed  observer  also  noted  tno  reuiarkablo  phenom- 
"^  On  ia<T«aiitng  the  amount  of  the  stimulus  beyond  the 
r  to  produce  the  first  masimuiti  contrm^tion,  nnotlier 
1  io  wliich  tho  efTect  further  increases,  iu  proportion 
itilaa,  ualQ  a  eecond  maximutu  is  gained,  {i)  la  some 
t,  after  rcaehing  the  first  maximum,  the  effect  dimin' 
\  "^  villi  the  inrrMMe  of  tbo  Htiinulus,  then  rises  on  farther  in- 
ww^  mtil  it  attBiae  «  aeeond  maximuin. 
&•  t&NA  at  Kvoal  excitations  may  be  mipposed  to  imss  along 
e  ea  eepareta  mwen  of  nerve -commotion ;  bnt  in  order  to 
[  iMpihc  wwn»  wfrnrote  the  interval  betwe«a  tbem  must  be  more 
I  ^iliotit  y|«  of  ■  eecond  (the  fraction  dilFonng  for  difTcrent 
^~  dilfereDt  lUiiiMla.  et«.t,  otberwiitn  they  fuse  in  tho  muscle 
Thd  combined  effects  of  stiruulatiiins  haWng 
uteml  may  be  piled  np,  or  summed  up,  in  tlie 
n  Id  aaprrirapoKiil  nootractione  of  tlie  muscle. 
gtcttotiopw  of  the  lame  place  of  the  ner\-c-<ttrrtcb 
np  "  aa  long  a»  the  maximum  of  excitation  ia 
tUe  two  arc,  in  fact,  one.    If  the  catbodea  of  the  two 

■Mw'iAmU*.  xrU.,  t■^SIlta.:  uid  nr.,  pp.  aSft  S. 
■  ta*l*  L  Ami  «.  Vkj^eL,  1061.  v  ^09. 

■  flbet  slMUlnbe  lUrvtarvlxuag.    Braaiuoliv«l(.  ISS^ 


120  THE  NERVES  AS  COKBUCTOBS. 

exciting  currents  unite,  the  same  effect  takes  {daoe.  A  similar  rs- 
sult  may  be  gained  by  combining  the  effects  of  two  different  kinds 
of  stimuli — as,  for  example,  electricity  and  the  drying  off  of  the 
nerve. 

§  26.  In  a  rough  way  the  specific  excitability  also  of  different 
nerves,  or  of  different  localities  in  the  same  nerve,  may  be  dis- 
covered. Harless  found  that  the  excitability  of  the  nerves  of  the 
frog  is  twenty-two  times  as  great  in  winter  as  in  summer.  In  the 
cut  nerve  it  is  greater  near  the  artificial  cross-section.  Many 
observers  have  contended  that  the  excitability  of  the  normal  nerve 
diminishes  toward  its  peripheral  portion.  Matteucci  investigated 
the  subject  of  local  differences  of  excitability  in  the  sensory  nerves ; 
more  recently  Rutherford*  discovered  that  the  reflex  effects  of 
stimulating  a  sensory  nerve  are  greater  the  nearer  the  central 
organ  the  stimulus  is  applied.  Finally,  Helmholtz'  and  Hermann ' 
observed  that  the  lower  part  of  the  nervenstretch  is  more  excitable 
imder  the  action  of  an  ascending,  the  upper  under  that  of  a  de- 
scending induction-current 

§  27.  The  Speed  with  which  the  process  of  conduction  takes 
place  in  the  nerves  has  been  determined  with  considerable  accu- 
racy, under  a  variety  of  circumstances ;  this,  notwithstanding  the 
fact  that  the  physiologist  Joh.  MOller  *  declared  it  to  be  forever 
impossible  no  longer  ago  than  1844.  In  only  1850,  however, 
Helmholtz*  announced  that  be  had  succeeded  in  measuring  the 
speed  of  nen'ous  impulses  in  the  motor  nerves  of  the  frog.  The 
rate  he  found  to  be  2G.4  meters,  or  about  86.6  feet,  per  second. 
Another  series  of  investigations,  in  which  the  pendulum-myograph 
was  used,  gave  a  result  about  3  feet  larger  (27.25  m.).  Subsequent 
investigatoru  have  substantially  confirmed  the  figures  of  Helm- 
holtz.  Bernstein,  by  a  still  different  method  of  measurement,  found 
that  the  speed  of  conduction  in  the  nerves  varies  between  25  and 
33  meters.  In  the  motor  nerves  of  man  the  number  was  still  later 
fixed  by  Helmboltz  and  Baxt  at  33.9  meters,  or  about  111  feet,  per 
second.  Von  Witticli  found  it  to  be  about  98.5  feet  per  second. 
The  complexity  of  the  elements  which  enter  into  the  measurement 
of  the  speed  of  nervous  impulses  in  tlie  atenaory  nerves  makes  it  near- 
ly impossible  to  obtain  siitisfactory  results  by  experiment.  And  so 
far  as  the  calculations  take  into  account  changes  produced  ifl  the 

*  See  Journal  of  Anat  and  Physiol.,  1871,  v.,  pp.  829  if. 

'Archiv  f.  Anat.  u.  Physiol.,  1850,  p.  837. 

"Pfliiger's  Archiv,  viii  ,  p.  261 ;  and  xvi.,  p.  262. 

*See  his  Handbuch  der  Phvsiologie,  i.,  pp.  581  ft.     CoblenSf  1844. 

» See  Archiv  t  Anat  a.  Physiol,  1850,  pp.  276-861 
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with  aoGOfnpnnjiiig  phenomena  of  sensation  and 
belongs  f>lsowh«re.  Of  the  four  factoi-s 
timt)  ("  roaetiou-tiuie  ")  wliirli  einpses 
Qw  ■ppliontion  of  atimuJus  to  a  Heiisory  neive  aiid  tlio 
ig  eoottwHkiD  of  (he  muscla— ^cinniely,  (1)  time  of  conduction 
■Bwry  niTT*  ;  (2l  procc-est's  in  the  pen tml  organs  :  (8)  time  of 
boa  in  th«  motor  n^rve  ;  oitil  (i)  Intent  ^icriml  of  the  musdo 
diAeoU  to  disMitftDgle  the  factor  (No.  (1)  ]  required  by 
at  annljMB.  Hinsch,  by  expnritnculini;  with  Htiitiuli  np- 
the  ■kin  «t  diftereut  distances  from  the  brain,  touud  the 
in  tlui  sensory  nerves  of  man  to  bo  about  111.6 
I— •  nault  in  exceedingly  close  ogreeintut  with  the 
bj  Helmholtz  for  the  motor  nerves.  Sc-belake 
matbod  of  meamu-emcnt ;  by  applying  the  atimuhis 
gnxB  and  tbc  foot,  nnd  recording  the  dtftcrpnco  of  liiue  iu 
ro  efasMS  of  cueN,  bo  obtained  I'esuhs  varj-iug  between 
•ad  32.008  melsra  per  second.  Others  have  giren  fi^urea 
or  )«■  widely  from  those  just  slated.  The  general 
•,  tovor  numbera  lying  between  98  and  131 
neoad  U  giving  the  Bpe«d  of  conduction  in   the  sensory 

ai  (jaodiieUoa  in  oil  nerves  depends  upon  soverril  v»- 
I  M  their  tumperaturc,  the  strength  of  the 
\,  leofftfa  of  IIm  nervu-stretcb,  and  its  electrical  condition, 
a  winter  gire  difTerent  rosulte  ^oi  those  in  suininirr. 
rve«  of  man  the  rata  can  be  made,  by  chiuigeH  of 
I,  to  vary  from  about  9)4  feet  tu  295  feet  [wr  second. 
t  dilpotwl  by  different  ubecrrcrs  whether  the  speed  of 
I  d#p«Diln)t  in  any  dcgraie  apon  the  stnnigtli  of  the 
I  even  Hermann  considers  the  tiuestion  uudecidnd. 
■  recently  ahown,  an  the  result  of  a  lar^'e  number 
F  condiietvil  e3|i«irimentii,  that  oa  tMxiu  as  the  Htimiilua 
a  limit  of  intensity,  the  speed  of  the  nerroao 
■  with  thfl  tncroaAc  of  thv  inl4>nsitT  of  thestimiihia. 
t,  bowBvrr,  upon  ihe  direction  uf  thu  ['Urreut,  upon 
'      I  or  a  breaking  current,  upon  the  animal 
L.  eta.     Whether  the  njiMwl  of  tbe  nervous  im- 
'  dvpsiidsDt  upon  the  li-ngth  of  the  ncrve-stretJ-h 
]  faeyotul  doubt.     Thu  effort  of  the  scieuoe,  gen- 
■fayifailu^,''  is  directed    toward   sbuwiug  how  tliosa 
L  M  asperimun  tolly  detcrmiood,  may  be  eiplaiaad 
il  El*ctn>tufio& 
>  Is  nOfv't  Ar<UT,  1S»,  zu  ,  pp  IT  S. 
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§  28.  Finally,  it  should  be  mnembered  that  the  bet  of  any 
propagation  of  neirous  impulaea  whaterer  preaiippoaeB  Uie  eon- 
tin  uity,  integrity,  and  isolation  of  the  neire  tract  along  whidi  the 
impulaea  moTe.  The  slightest  separation  of  the  subetanoe  of  the 
nerve  by  cross-section,  even  when  the  cat  ends  are  left  in  the 
closest  mechanical  contact,  destroys  the  unitj  of  the  nerve's 
physiological  function.  The  ancients  knew  that  tying  the  nerve 
preventeil  its  action ;  they  explained  the  fact  by  saying  that  the 
flow  of  nervous  fluid  was  thus  hindered.  So  also  does  the  fineness 
of  the  localization  which  belongs  to  the  organs  of  motion,  bnt 
especially  to  those  of  sense,  as  well  as  the  fact  that  partial  section 
of  a  nerve  only  lames  part  of  the  field  cared  for  by  that  nerve, 
indicate  tbo  physiological  isolation  of  the  nerve-fibre  daring  its 
course  between  end-organs  and  central  organs.  Since  the  result  of 
stimulating  a  given  nerve  is  in  quality  invariably  the  same,  it  woold 
seem  that  the  law  of  the  "  specific  energy  "  of  each  nervous  element 
(to  which  we  shall  refer  elsewhere)  is  connected  vdth  the  assump- 
tions necessary  to  explain  the  phenomena  attendant  upon  the 
starting  and  propagating  of  nervous  imptdses  in  the  conducting 
nervea 

§  29.  Inasmuch  as  the  central  organs  are  to  a  large  extent  com- 
posed of  nerves,  a  complete  account  of  the  nerves  as  conductors 
should  include  a  description  of  the  nature  of  that  nerve-commotion 
which  is  propagated  from  point  to  point  along  the  nervous  ele- 
ments within  these  organs,  and  of  the  paths  or  tracts  along  which 
it  passes.  But  unfortunately  our  knowledge  upon  these  matters  is 
exceedingly  scanty  and  uncertain.  This  is  in  part  due  to  the  fact 
tlmt  the  influence  of  the  gangUon-cells,  with  which  the  nerve-fibres 
are  mixed  to  form  the  central  organs,  profoundly  modifies  the 
neural  processes  of  excitation  and  conduction.  The  subject  be- 
longs, then,  to  a  consideration  of  the  functions  of  the  central  or- 
gans rather  than  of  the  nerves  alone.  Certain  statements,  how- 
ever, may  most  fitly  be  given  in  this  connection. 

When  speaking  of  conduction  in  the  spinal  cord  or  brain  we 
are  not  to  think  of  a  nerve-commotion  as  always  moving  along  one 
fixed  pntli,  after  the  analogy  of  the  far  simpler  case  of  the  nerve  in 
the  nerve-muscle  machine.  It  is  true  that  the  nerve-fibre  in  its 
normal  place  in  the  body  runs  insulated,  as  it  were,  between  the 
spinal  cord  and  the  end-organ  at  the  periphery.  But  the  ^inal 
cord  itself  does  not  act  as  a  perfectly  isomorphic  medium.  The 
very  complex  structure  of  this  organ,  in  which  nerve-fibres  and 
nerve-cells  are  intricately  interwoven,  has  already  shown  us  that  i^ 
is  not  adapted  to  act  as  such  a  medium.    The  case  of  the  lurain  i 
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H  atwOTds,  tfaore(or«,  with  ibe  atructiire  of  all  cptitral 

^kma,  that  ««  sbnulil  fiml  tlie  speed  of  conduction  alower  iu  tliem 

^Knia  tha  prripliem]  aenma.     llxiiRr '  culciuIftUtd.  from  the  lU'Iay 

^toek  amaofT  ttuiiabcB  osperienco  in  tLo  cord  of  mnn,  that  tbeir 

Iptcd  llwiii  i>  tMt  tmtn  than  about  iG^  foct  (8  mct«n>)  per  seo- 

mA.     "nia  spMcl  of  thv  motor  impiilst^s  in  Iho  cord  be  giveR  Joubt- 

h%  as  nrriaS  between  36  feet  aud  49  teet  (11  to  13  and  14  to  15 

■•Ims).     Tbeae  nnmbeni  are  Babetontially  continiied  bj  the  con- 

(haieaaof  Bnr^hardt  (6  to  14  inet«rs).     Tlie  latter  also  maintains 

Ifcat  tfaa  fl|>Md  uf  the impulaes  nlticti  nccasioii  acnantions  of  touch  is 

D  that  uf  thow  which  occaaiou  paiu  (as  27  to  50  meters 

3  with  8  to  14).     It  IiM  also  buon  observed  tlmt,  in  Hooie 

•  vritli  diMtaae  of  the  posltTior  Btmuds  of  the  epinal 

•  o(  pain  arise  in  connciousneas  notably  later  than 
Bat  the  totcrpretntion  of  all  tlieae  phenomena  is 

il  with  (pieatJODB  of  the  cer4>bral  functions  ;  for  sensatioDS 

4  pain  an  pra-anuoeDtljr  of  cerebral  origin.     Moreover,  we  can 

hnt  Imt  mam  I II  oonGdence  in  our  nbililr  to  t«ll  with  any  pre- 

oBcm  Um  laagtb  of  the  paths  by  which  nervous  Inipulees  travel  in 

ft*  iftoal  Mvd  of  man.     The  fact  obeertcd  by  du  Boia-Rej-montl, 

Ihi  tt«  Tibntiniw  of  th<i  muwlo  tc-tjuiiziil  through  tho  cord  are 

1  MoaU  bo  eipertiHl  from  tho  number  of  bIiocIcb  given  by 

I,  anal  Ibr  fact  ilincovrn-d  by  Uelmhollz.  that  muscle 

*bM  '**Ttrr*''  by  an  act  of  will  has  a  uuifonu  tone  indicraLing 

t^Wna  nbnOioiw  to  tho  second  (the  rate  of  vibration  into  which 

ttaHKl*  is  thrown  by  dirvct  MtimuluUon  of  the  ntotor  nerve,  on 

UT,  «irres{ioodiu|f  to  thu  uunib«r  uf  BboclcK),  show  the 

1  sAMft  of  the  central  nr^fnna  over  the  nervous  impulses. 

1  thra,  tba  ttxperinicntal  evidcni-c  is  not  iwrfcctly  eonclu- 

<■■•  M.  oo  tb«  whole,  confimia  vhat  wo  Nhould  expect  from  the 

*^kal  smotDni  of  tho  spinal  cord,  as  to  the  complexity  and 

"■^  ilowiiaai  ol  nnxluction  in  thia  organ. 

IB  Varinoa  aUanpta  hare  been  made  by  experiroental  pbyai- 
<^T  lo  d«nuiiatrale  the  paths  ofcondnctinn  in  tbs  spinal  oonL 
^•ridaaos  tram  btatotogy  on  tliia  difflcult  subjeot  hiia  Already 
^  pnn  (|v  71  L).  It  la  not  alwaya  easy  to  make  the  two  lines 
^"UmtK  oDtaciida.  Ai  to  una  point  of  txprrimontal  physiology, 
^^WT,  no  doabt  liaa  iixisl«d  since  tlie  "  epoch-making  dtscov. 
">'al  Sr  ChaHaa  Bell  and  Magenilie.  The  senson-  fibres  en- 
*"&■  ifiiBal  conl  by  the  poaterior  root,  the  motor  fibres  by  thn 
"■nor.  Tba  danooatntion  of  this  fact  ia  perfonned  by  (liridisg 
'^^  laotaii  laspettiTaly.  and  obaerring  tlio  rvaulta.  Wlisn  a  poa- 
'htps^Aiaht*.  tlL,  p^0SIK  1  aad  cemiMvo  Ibll.,  vUt ,  pp  583  0. 
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tenor  root  is  dirided  all  the  struciureH  sapfdied  bj  the  same  Derv< 
lose  their  sensibilitT  ;  while  the  mnacles  supplied  by  its  correspond 
ing  anterior  root  continue  to  be  thrown  into  action  by  the  wil 
and  by  reflex  stimolation.  Moreover,  stimulation  of  the  centra 
end  of  the  posterior  root  thus  divided  jvoduces  sensory  effects^  but 
stimulation  of  its  peripheral  end  produces  no  motion.  When  ai 
anterior  root  is  divided,  on  the  contraiy,  the  muscles  supplied  b} 
its  nerves  cannot  be  made  to  act  either  by  volition  or  by  refles 
stimulation  ;  but  no  sensory  paralysis  is  produced.  Moreover, 
stimulation  of  the  peripheral  end  of  the  nerve  will  now  throw  the 
muscles  into  contraction,  but  stimulation  of  the  central  end  will 
produce  no  effects.  An  exception  to  the  exclusively  motor  effects 
of  the  peripheral  end  occurs  in  certain  cases  of  so-called  '*  recurrent 
sensibility;  "  the  sensibility  shov^-n  in  these  cases  is  probably  due 
to  the  fact  that  a  few  sensory  fibres  from  the  posterior  root,  aftei 
running  a  short  distance  in  the  mixed  nerve,  turn  back  and  run 
upward  in  the  anterior  root  The  proof  is  then  complete,  so  fai 
as  the  direct  motor  paths  to  the  striated  muscles,  and  the  specifi- 
caIIv  sensory  paths  which  conduct  imptdses  to  the  cerebral  hemi- 
spheres, are  concerned.  According  to  Sigmund  Mayer*  it  does 
not  necessarily  follow,  however,  that  only  centripetal  impulses  are 
conducted  by  the  posterior,  and  only  centrifugal  by  the  anterior 
roots. 

§  31.  Tlie  general  arrangement  of  the  motor  paths  in  that  part 
of  the  spinal  cord,  on  the  same  side,  where  they  enter  by  the  an- 
terior roots  of  the  nerves,  and  of  the  sensory  paths  in  the  posterior 
})art  of  the  cord,  is  maintained  throughout  In  man,  that  is  to 
say,  the  impulses  pass  up  or  down  the  cord  in  that  region  of  it 
at  which  they  leave,  or  by  which  they  enter  with,  the  anterior  or 
the  p<)8terior  roots.  But  histology  shows  that  the  two  halves  of  the 
cord  are  anatomically  connected  by  the  commissiures,  and  that  every 
part  of  each  half  is  bound  with  other  parts  of  the  same  half,  both 
nj)  and  down  and  to  and  fro.  Physiology,  too,  indicates  that  the 
paths  of  Rcnson*  impulse  undergo  a  partial  crossing  from  right  to 
lift,  and  from  left  to  right  For,  after  complete  section  of  one  lat- 
eral half  of  the  cord,  complete  loss  of  sensibility  of  either  side  in 
(lint  part  of  the  body  which  is  supplied  by  those  nerves  of  the  same 
h\i\v  that  enter  the  cord  below  the  place  of  section  does  not  re- 
Hiilt.  Tilt'  effects  that  do  result  depend  upon  the  animal  chosen 
f(ir  experiment,  and  upon  the  height  at  which  the  section  is  made. 
Kxpcriujents  u|>on  the  lower  animals  seem  also  to  show  that  in 
their  case  a  partial  crossing  of  the  motor  paths  takes  place  in  the 

'  Hermann's  Handb.  d.  Pbydol.,  XL,  i.,  p.  817. 
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^umI  Bovd ;  Um  «Ttd«neo  from  pathology  m&kea  it  doubtful  whetbar 
la  mo  KBj  croiaitig  from  side  to  sidu  iiccura  in  tlio  Tohintary 
iDafeDr  fMliu,  ai  IrasL  below  a  (wiut  vt-ry  hi^h  uy  id  tlic  ueok.  All 
ifca  «ndaDO»  iltowii  llwt  in  tLe  lateral  coluniUB  lK>th  §«usory  and 
Boter  jalhs  are  ta  be  found. 

fSl  In  widJUoD  to  the  general  stAtemfiot  just  niiide,  experi- 
Molal  pbjwilogy  bm  little  to  su.v  confirming  or  correcting  the  con- 
■laaaas  ot  bivtulticy  («w  ji.  71  f.)  iw  to  the  i>utlis  of  ueunl  ioipuloes 
IB  tfan  iiiiual  cofxl  of  niau.'  Experiments  whicli  attempt  to  niako 
•  Mctioq.  ritbrr  of  nil  Ibo  fibres  in  the  ajiUmor  columiw,  leaving  all 
A*  other  fibna  intact,  ur  of  all  tho  other  cM.)]unm8,  leaving  th<'  fibres 
in  tiM  aatotior  coliunnfl  intact,  can  never.  indetKl,  be  iguitv  Kure  of 
Amt  ■ace  11.  But,  on  tbo  whole,  their  results  are  coiitirniatory  of 
lh«  atatatttaia  made  iu  th«  huit  article.  Bonie  iiivpstigatora  hnTs 
■ifaaiiNiil  to  boItc  the  same  problem  by  directly  stininlating  the 
ihaaa  td  the  iltflioi«ni  colnmna  in  such  manner  ns  U>  cuntine,  as  far  a§ 
poMilila,  the  tnflofiuoe  of  the  excitatory  current  (or  otlier  arimulus) 
M  nttna  deCnttcly  aolectod  fibres,  and  bo  to  exclude  all  refiei  no- 
tina.  It  i*  found  tltat  no  reaction,  indicative  of  any  sensory  ini- 
pihas  wbatever.  follows  the  atinjulation  of  the  central  uudit  of  thu 
«at0iiir  whitv  oolamnH  of  the  opinid  cord  ;  hut  Htiinulatioa  of  the 
ftfipliand  »d<U  of  tltrm  aaiiie  olunina  may  Im  rollowml  liy  niutwu- 
h»  flOAtnetioi).  aometimea  (t>o  Lougt^t  and  Kdrachiier  found)  when 
^Iwiliial  Mimali  an  oaed,  but  ofteuer  with  weak  electrical  cur- 
mla     Oatvful  culling  of  theee  oolumna  in  followed  by  no  signs  of 

IWtft. 

Ob  Ik*  oUmt  hsDd,  attmobitioD  of  th«  central  cut  enda  of  the 
l^tnar  colmmnM  pntlaciet  aigna  of  pain,  and  other  Benoory  eileota ; 
Ik  tUa  porpoaa  Loagol  boa  used  olectncal.  an<l  Eigunbrodt  and 
hliff  iBechanioal  ■Umulation.  Acconlitig  to  SchilTund  othen  the 
•Min  noril  i^au  b«t  cut  through  from  before  back  to  the  [>oeterior 
idaiBws  and  if  tliMn  am  Ifft  thu  animal  will  retjiin  tlii<  HcnM'  of 
hitm  Aa  to  a  further  ditTerenliatiou  of  the  iH'n9or>-  functiuu  uf 
Ib^  cohnuk^  difbrent  cspenmentera  do  not  agree.  Some  would 
■lAaa  tfasir  fanciioa  to  impiili'u'it  Hint  give  riae  to  Bcusations  of 
Ini^  m  Ihs  (round  that  aDlUlal^  the  auluitjuiciii  of  whotui  mnl  haa 
ha*  BBli>cly  cut  tkmugb  with  thi-  exception  iif  the  |KMtrriur  eol- 
M*(  nrtaio  tlwir  smuationB  of  touch,  but  looae  their  siiBcepbbtl- 
^  t0  pain  (ran  impraanons  madu  on  tlie  Burfactw  wIiomi  nerrea 
<a<ar  tW  cord  bdov  the  place  uf  Necttua     Impulsea  wliicb  give 

'  f^MfL  Ifca  ^aanUMUon*  of  Bekhard  In  lh>  r.ba|itiir  on  "  Viirlaal  d.  mo- 
i^BhM  a.  jaaifcUii  buMrratlMMwvga  Im  ROckvaniukv,'  Uaraann,  Uaudb. 
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rise  to  senBaiioDS  of  pain  most  therefore  pass  elsewhere  than  by 
the  posterior  strands ;  that  is,  chiefly  by  the  gray  matter  of  the 
cord.  According  to  others,  however,  these  strands  conduct  sen- 
sory processes  only  in  so  far  as  they  serve  for  the  passage  through 
them  of  the  nerves  from  the  sensory  roots  ;  it  is,  then,  the  gray  sub- 
stance of  the  cord  which  conducts  these  processes  along  upward. 
In  addition  to  the  more  marked  sensory  effects  of  stimulating  the 
posterior  columns,  some  experimenters  get  effects  which  they  in- 
terpret as  showing  the  presence  of  motor,  and  even  of  voluntaxy 
motor,  paths  in  these  columns  Stilling,  for  example,  found  that 
voluntary  motions  occurred  after  one  entire  anterior  half  of  the 
cord  had  been  cut  through.  But  in  the  absence  of  proof  that 
no  motor  paths  in  the  lateral  columns  were  left  intact  by  his  ex- 
periments, and  in  view  of  the  fact  that  a  crossing  of  such  paths 
may  take  place  in  some  of  the  animals,  the  evidence  is  not  conclu- 
sive. Moreover,  TOrck  and  others  have  found  that  the  posterior 
white  columns  may  be  entirely  cut  through  without  causing  motor 
disturbances. 

In  the  lateral  columns  of  the  cord,  paths  of  both  motor  and  sen- 
sory impulses  are  probably  to  be  foimd.  As  to  the  case  of  motor 
paths  there  is,  indeed,  no  reasonable  doubt — at  least  there  is  no  dis- 
pute. Ludwig  and  Woroschiloff  found  that,  in  the  case  of  the  rab- 
bit, voluntary  movements  of  the  hinder  extremities  took  place  even 
after  section  of  the  anterior  and  posterior  strands,  and  of  the  gray 
matter  of  the  cord  in  the  cervical  region.  As  to  the  proofs  of  sen- 
sory paths  in  the  lateral  columns,  the  evidence  is  somewhat  con- 
flicting. Longet  and  Stilling  discovered  no  proof  of  their  existence ; 
Schifl*  pronounces  the  matter  doubtful ;  TOrck  found  that  unmistak- 
able signs  of  pain  followed  the  cutting  of  these  portions  of  the  cord. 
Experiments  upon  animals  and  pathological  observation,  however, 
on  the  whole,  confirm  the  view  that  the  sensory  are  mixed  with  the 
motor  paths  in  the  lateral  columns.  As  Wundt  *  expresses  the  ap- 
parent truth — in  the  side  strands  of  the  cord  a  part  of  the  system  of 
motor  fibres  is  shoved  ofl*  toward  the  limits  of  the  posterior  columns 
and  surrounded  on  all  sides  by  branches  of  the  sensory  tract 

It  must  be  borne  in  mind  that  the  function  of  neither  the  motor 
nor  the  sensor^'  tracts  is  such  that  a  nerve-commotion,  when  started 
in  one  of  the  columns,  must  necessarily  run  its  course  by  the  short- 
est path  in  that  one  column,  or  else  not  be  propagated  at  all  to  its 
destination.  Botli  histology  and  physiological  experiment  indi- 
cate that  the  interlacing  of  the  nerve-fibres,  and  the  interruption  of 
their  course  with  nerve-cells,  provide  various  secondary  paths  in 
'Grundziige  d.  phvsiolog.  Psycliologie,  i.,  p.  101.    Leipzig,  1880. 
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f  be  calleil  tlie  primnry  or  chiof.  Moro- 
«inl  not  oul>  dislributea,  but  also 
•  imptiisea.  Aitci*  entii'e  half- section  ot 
k  of  Ibe  other  luklf  hUU  seem  able,  in  a 
|«rtUtf  nt»tittrtionai7  vny,  to  accoiupliKli  tlie  work  minoul  to 
botb  ndtts.  Altd  onto  in  the  case  of  the  Toluiitnry  motor  tractain 
»»'■  spitttl  earA,  tliough  ■iicli  a  work  of  substitution  docs  not  take 
I^te*,  we  caoDot  affirm  tluit  tlio  paths  of  voluntary-  intierrulion 
fcir  a  dcfinito  act  uf  muact«s  are  inviuiabl;  the  same  throu^li  their 
stuv  length.  A  certain  latitudu  of  ntovement  from  the  straight- 
farmrd  ooane  of  the  irapulae  undoubtedly  exists  cvea  iu  such  n 

t  !Qu  DiAdult  as  it  la  for  expcrimeutal  physiology  to  deal  with 
tm  tndng  of  Uxmo  paths  along  which  the  sensory  and  motor 
faapdiB*  flcnr  in  tba  i^UuU  cord,  it  is  much  raoro  so  within  the 
unoas  maai  which  fills  the  cranial  cavity.  Both  th«  slructuiv  and 
ka  hmetiooa  of  tha  iwrebrum,  as  a  group  of  uhitf  central  organs, 
■ate  it  twari;  unpoasible  experimentally  to  distinguLah  bctwet'u 
(ilW  ol  Tohtotary  an>I  paths  of  merely  reflex  motion  :  or  even  to 
witlun  ita  substance,  iuipuUes  that  have  been 
a^  aotne  more  oUariy  defined  tract  may  not  dirido  and, 
iDdeflnitoIj,  or— coavoracly — impulses  that  enter  along 
"■■nlnBTSigiligpBtfaalMCODceutjnitDd,  usit  were,  intooneor  two 
<te  >n  Bora  dafinilaly  fixed. 

Tha  tvUoDM  tijr  which  histfdogy  has  succoc^led  in  tmcing  cer- 
iMltacis  thfough  the  brain,  from  the  medulla  obluugatu  to  the 
**muUuBS  of  th«  eenrbral  cort«x,  has  been  presented  at  sufficient 
^pfcatllftlai*ehapter<■6«pp.76f.,ST  f..aiulUT  f.).  The  fuller 
*HiriiBo(the  eTideooD  from  eipcrimenlttl  physiolotjy  con  iteming 
■■  ■••  aDbjurt  will  Diom  im)i>i-rly  niipt'nr  in  hulwietiueut  chnpters 
4*  dw  anUmutie  and  rtfiex  fum^tions  of  the  n^ntrul  organs  and 
^MlkafecKliaUon  of  cerebral  function.  C'i.-rtain  tracts  wineh  i>iuii 
^^  fran  tbo  crtutA  through  the  iutcrnAl  capsule,  without  eu- 
N^  tha  ImhI  gaaijlia,  into  tho  fDrntol  niid  poriotol  convolutions 
"■•*  •b«»ily  btMi  nfemd  to  as  pmhably  motor.  Othen  which 
"^s  bom  tba  tegUMmtiim,  enter  tho  tlwihuniis  and  sabthalamio 
*^  nd  eaeri^e  afl«r  being  nHliatrihutvd  to  find  tlioir  way  «•- 
^*4  to  tha  tenparo-apbeuoidal  and  occipital  lohoa,  hare  been 
^'■n^  ta  aO  probability,  to  be  sensory.  With  this  statement, 
*  hr  M  tba  motor  tiacta  are  ooDOonied,  wo  sludl  see  that  the  con- 
^*^  of  afaminatiUl  phjaiology  acconi  very  well. 

1^  Bal  our  WBnntil  kncnrladgo  from  expariment  coucvminti  thw 
Nh  hy  tiUttL  mauorj  impulitea  tnn)  in  the  bnln  is  exceedingly 
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meagre.     These  paths  are  probably  mach  more  nmnerocui  and  in- 
tricate than  those  along  which  the  motor  impnlaes  are  propagated. 
Moreover,  we  can  seldom  draw  conclusions  with  safety  conoeming 
the  sensations  of  the  lower  animals  ;  we  therefore  largely  lose  our 
help  from  experiment  upon  them  to  determine  these  sensory  paths. 
The  phenomena  connected  with  all  sensory  disturbances  are  exceed- 
ingly complicated,  and  the  conclusions  Uiey  seem  to  warrant  are 
often  conflicting.     For  example,  the  effect  of  destroying  a  sensory 
nerve-tract  in  the  head  does  not  consist  simply  in  the  destruction 
or  laming  of  some  one  definite  function.     On  the  contrary,  if  a 
sensory  cranial  nerve  is  severed,  the  various  different  functions  o^ 
feeling  pain,  of  pressure,  and  temperature,  and  the  power  of  localize 
ing,  in  the  region  supplied  by  the  nerve  are  all  lost     But  diaeaflc^' 
of  the  cerebro-spinal  axis  may  impair  one  or  more  of  these  func — 
tions,  and  leave  the  others  intact,  in  a  given  region  of  the  perif^ — 
ery.     Anaesthetics  also  may  obliterate  the  sense  of  pain  while  lenv — 
ing  that  of  contact  relatively  unimpaired. 

Still  more  difficult  of  comprehension  from  the  point  of  view  fur— 
nished  by  the  general  physiology  of  the  nerves  are  the  degrees  o^ 
tenacity  with  which  different  sensory  fimctions,  even  when  adminis- 
tered by  the  same  sensory  nerve,  are  combined.     Loss  of  the  sense 
of  temperature  and  of  the  muscular  sense  rarely  or  never  occur 
sepanitely ;  but  muscular  sense  not  infrequently  disappears  and 
the  sensitiveness  of  the  skin  to  pressure  is  retained.     Upon  such 
phenomena  we  have  little  clear  light  to  throw.     It  can  simply  be  said 
that  the  distribution  of  the  sensory  nerves  within  the  central  or- 
gans must  be  enormously  complicated,  and  that  we  have  absolute- 
ly no  knowledge  as  to  any  differences  in  the  kinds,  or  velocity,  or 
paths,  of  the  nerve-commotions  there,  that  vrill  help  us  to  account 
for  the  fiicts.     Yet  such  differences  in  the  sensations  doubtless  rest 
upon  differences  in  the  uene-com motion  that  causes  them,  within 
that  inner  projection- system  of  sensory  impressions  which  is  fur- 
nished bv  the  cortex  of  the  cerebrum. 

It  has  already  been  seen  that  the  paths  of  sensory  impulses  cross 
over  more  or  less  completely  within  the  spinal  cord  They  also, 
like  the  patlis  of  motor  impulses,  cross  in  the  region  where  the 
nerve-fibres  in  general  decussate — namely,  in  the  pons  varolii  and 
medulla  oblongata.  Experiment  and  pathology  both  show  that 
the  principal  paths  of  sensory  impulses  from  all  the  peripheral 
parts  of  the  tnuik  of  the  body  and  from  its  mucous  membrane  lie 
close  to  those  of  the  motor  impulses  in  the  white  nervous  substance 
surrounding  the  basal  ganglia.  Effusions  of  blood  in  this  region 
not  only  cause  hemiplegia,  but  also  produce  more  or  less  impair- 
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^■nt  of  Ih*  dUEBrent  modificntiona  of  touch,  both  in  the  skin  and 

^k  tb«  nroeotn  munbnuieL     Acconling  to  some  HUtbontteH,  lesions 

^p  lb«  MiBtf  ragiaa  oflen  sn  iuiimir  the  nuisciilnr  sense  thut  tlifl 

^batiartion  of  thi!  mtBclra  irfaich  is  prmlui-eil  by  el<;clriml  stimtila- 

ikn  is  OD  km^r  frit.     VcvssiiTu  utd  others  snppose  that  injuries 

lo  lbs  wbilv  lilirotn  niAtt<.-r  of  tUe  crma  cerehri,  tlit-  intcrnftl  cap- 

mI*.  uhI  tke  foot  of  llio  corona  radiata,  iuvariulilj'  iimilucv  a  Iobb 

olMwAnlitj  on  ooe  nJo  of  tlic  body  ;  while  those  which  arc  more 

fcllhiflj  cimfiuthl  to  th«  striate  body  biiTe  this  eHrct  only  imper- 

tu^madtoT  m  time — tUe  aiuouuL  of  the  effect  de[H;n<iiii^  upon  the 

mooBk  of  (ba  BiljoinJng  «rhit«  substance  which  is  involve<l  in  the 

iqwj.      Siia  view,  like  maay  othen  on  the  general  subject,  is 

i  85.  AU«B>pl*  have  been  miulo.  lo  localize  the  pnths  of  sensoi-f 

mpalam  iii  tlie  opUc  Uialami  and  those  of  motor  ini{iul8os  in  the 

Mhtim  bodie* ;  snd  in  mnnection  with  this  view  it  has  been  held 

flat  Uw  focmcr  are  dilvlly  conceminl  in  the  olaboratiou  of  sensory 

JBfalMS   |m  meaaoty  gangUonio  centres),   and   tlie  latter  in   the 

rflfaiSBtiofi  of  Bwtor  tni|>ul«fs  (its  motor  centres).     This  Uieory  has 

Wa  wnmght  out  (wttli  luuch   rhettirio  and   conjecture)  bv  J. 

Un.'    hay*  6nda  tu  the  optic  thslaiui  four  centiim  which — Iring 

A  «iW,  mm  boUnd  the  other  in  nn  nntero-posterior  line — conduct 

•ad  "caodenM"  reiqicctirely  the  olfootorj,   the  visnKl,  the  tnct- 

■1,  ud  tho  anditonr  impressions ;    the  corpora  striata  perform 

•  BBikr  oOee  f or  the  motor  impulsca     The  sensory  impressions 

*Ucli  anna  from  lbs  periphery,  therefore,  all  ruu  tlirough  tho  op- 

Ut  llaUiBJ.  arnndiDg  tn  this  theorr,  in  order  that  Ihey  ma;  be 

"nUlUetnaltied "  (wliat«vrr  that  may  mean);  the  motor  through 

'^•tfuta  botlie^  in  onier  tliat  they  may  be  "  uiateriali/ed."     It 

u  naejb  in    (hw  connection  to    say  that  no   such  comptete  dis- 

^^-^Me  of  ((ini-l)oQ  in  ttie  ImsuI  ganglia,  whether  as  conducton 

*  M  ncir*]  iiTjfao^  baa  yet  becu  made  out     It  is  tnio,  however, 

**■*  tilt  paibe  in  tba  cnuta  and  in  and  surrounding  Uie  striate 

**'*■  an  pfobably  maiDly  motor,  while  those  in  the  tegmentum 

**'  ift  onl  wiHttid  IIm  optio  thalami  ore    mainly  sensory.     The 

^^f  o(  the  nart  reoeut  iureHtigatiou  is  toward  placing  more 

^f!*!'*  apoa  the  flbnos  nerve-matter  surrounding  these  organs 

g  paUw  for  Ibe  oonduction  of  boUi  kisda  of  impulses. 

walMnliiaM,  pbftlalogiqtif^  «t  paUiologiqan  iiii  Us  C«ntm 
i  Mid  Tks  ttraln  aad  lis  ruwlloua,  New  York.  1883. 


CHAPTER  IV, 

AUTOMATIC  AND  REFLEX  FUNCTIONS  OF  THE  CENTRAL 

ORGANS. 

§  1.  When  a  physiological  function  is  occasioned  in  a  peripheral 
nerve,  independently  of  a  so-called  act  of  Ti'ill,  by  the  stimulation 
of  some  other  peripheral  nerve,  this  function  is  said  to  be  **  reflex." 
Such  a  reflex  function  of  the  nerve  is  regularly  brought  about,  how- 
ever, by  the  mediation  of  a  collection  of  ganglion-cells  and  inter- 
lacing nerve-fibres,  known  as  a  central  organ.  In  other  words,  the 
secondary  stimulation  of  one  peripheral  nerve,  through  a  central 
organ,  as  a  result  of  a  primary  stimulation  of  some  other  periph- 
eral nerve,  is  a  reflex  action  of  the  nervous  elements.  The  entire 
cerebro-spinal  axis  is  a  pile  of  nervous  centres,  increasing,  on  the 
whole,  in  complexity  of  structure  and  of  function  from  below  up- 
ward, which,  with  the  nerve-tracts  nmning  into  and  out  of  it^  con- 
stitutes a  complicated  mechanism  capable  of  an  indefinite  variety 
of  such  reflex  functions.  But  the  spinal  cord  and  the  medulla 
oblongata  are  the  special  seat  of  many  such  functions  On  the 
other  hand,  all  excitations  of  the  nervous  system  which  originate 
in  the  nervous  centres  themselves — that  is  as  distinguished  from 
being  called  out  there  by  the  nerve-commotion  brought  to  them 
through  the  afferent  nerves — are  called  "automatic."  The  word 
automatic  must  doubtless  often  be  used  to  conceal  our  ignorance 
of  the  real  origin  of  a  neural  procesa  And  doubtless,  also,  many 
processes  which,  on  first  inspection,  appear  to  be  automatic,  may 
be  discovered,  or  suspected,  to  be  in  reality  reflex.  But,  as  far  as 
our  information  goes  at  present,  not  only  movements  of  the  mus- 
cles through  the  stimulating  of  the  efferent  nerves  connected  with 
them,  but  also  the  inhibiting  of  such  movements,  and  the  rise  of 
sensations,  must  be  ascribed  to  the  automatic  action  of  the  central 
organ&  Changes  in  the  vital  conditions  to  which  these  organs  are 
subjected  by  their  immediate  surroundings,  and  especially  changes 
in  the  condition  of  the  blood  with  which  they  are  supplied,  ordina- 
rily constitute  the  internals  timuli  to  which  they  respond  by  exer- 
cising their  peculiar  functions.  Automatic  activities  belong  dis- 
tinctively to  the  central  ganglia  of  the  brain  ;  it  is  more  difficult  to 
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D  tbfl  spinal  cord.  In  general,  it  is  by  no 
>  diatin^j^ttixh  I)etween  tlie  purely  reflex 
Q  of  particular  central  organs.  The 
rabtlesB  nniformly  blended  ;  so  that  what 
i)  aeeompUiilMd  bv  any  ci-ntml  orgnn  depends  both  upon  its  own 
ndcnukl  cuDdttion  tutd  molfculnr  activity  ai  the  moment  when  tho 
wtaamj  impolBe  reaches  it,  and  also  upon  the  ebarnctcr  of  llint  ini> 
pnbft.  InannDrh  >«  it  is  a  vital  molecular  niechauitim  connected 
fenr  KB  inde&Bit«  DUinl>cr  of  ties  with  utlier  similar  mechnnisms,  the 
ewtck)  orgu)  cooaUntly  acts  both  retlexl.v  and  automaticidly. 

{  9.  It  foUowii  thnnforo,  that  several  kinds  of  retlex  action  ar« 

fcaofUaaBy  BappoaaMe   iu    tlte   nervoan   systein,     AVIien   motor 

Dim*  an  atioiaUtsd  in  a  secondary  way  throu^^h  a  central  organ, 

by  spptying  •timnlna  to  Ihn  Hcnsnry  nerve-en diup).  tho  effect  may 

1*  oUmI  refli'S -motor.     If  an  excitation   of  a    motor  nervo   ^scre 

tmaferreil,  witliout  action  of  the  will,  to  onoor  more  eenscry  paths, 

tadt  a  conversion  of  norrous  action  might  be  called  reflex-sensory. 

h  tfaii  way  tlut  attempt  has  been  ma<lo  to  explain  the  feeling  of 

aMOBOiB  in  the  maarjes  when  tLey  have  l>ceu  overuxerted.  or  the 

n  dnrribc  lu  tbat  ofn  limb  being  "asleep."    It  has 

3  to  Speak  of  "co-iuotor  reflexes,"  in  cases  where 

m  an  nMuned  to  bo  recijtrocally  combined  in  their 

i  thttMigli  a  central  orgnn;  or  of  "co-sensory,"  in  cnseB 

D  relation  is  suelaiued  by  two  sensory  iitrvea.     As  an 

I  n(  lh»  laltvr,  attention  lutn  been  called  to  the  sensntioD 

«  bh  in  tJw  Doao  when  trying  to  look  at  the  sun.    Kxamples 

llf  U*  Uova  taat  clajBCS  of  alleged  reflex  functions  of  the  nerrous 

m  an,  bownver.  for  tho   most  part  rery  doubtful;  or  they 

It  of  Rtplanation  by  rooo|rnize<l  cnusoN  in  anotht'r  way.'     It  is 

*<f  flaxjersiDf;  tlie  Inn  of  the  flrat  class  of  rcllei  actions — the 

Kin^Mtor  or  armwry-tnotor — tliat  wn  have  nsmireil   scienlific 

*'ilMM«L     The  reflex  function  of  a  c«nlnU  organ  luny  be  deflneil, 

'W  H  brinf;  (at  Icaat  in  its  simplest  form)  the  "  conversion  "*  or 

inn*  of  •  ■Bn«>ry  inipnlae  into  a  motor  excitation.     We 

i  ouTMlTes  cun-iiilly,  however,  against  the  mtacouceptiiiu 

'  I  tbaaa  wonla  :  Ibe  p|Tt<ct  of  the  central  organ  is  never 

aly  eomixriing  or  rrflftliny  a  nervo-oommotion  from  oni« 

I  anaoiy  path  to  an  equally  dofinito  motor  path. 

_    .  R  flgore  of  apeacb  will  aervo  to  deacrilte  its  function. 

t^  Tk*  aiiinal  miH— complex  aa  its  atniottire  and  foootiona 

"^-1*  WMb  Uw  BBplaat  aod  moat  acaawiblo  for  exporinenlal 

*tMa  «(  any  al  11m  ot^ana  of  tlw  eeiebro-^lDal  ayidain :  it  ia 

'U^i  BiUkOfd  In  B.rnMui'a  lUndb-  4.  Pliyahil..  H,  U..  pp.Vit. 
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pre-eminently  the  seat  of  unconscioas  reflex-motor  f iinct]on&  It  is 
a  column  or  pile  of  centres,  bound  together  for  the  reception  of 
sensory  impulses  by  its  posterior  roots  and  for  redistributing  them, 
as  modified  by  its  own  molecular  structure  and  condition,  through 
the  efferent  fibres  of  the  anterior  roota  Such  is  its  office  as  an 
organ  of  reflex  action  in  distinction  from  its  office  as  an  organ  for 
conducting  neural  impulse&  We  consider,  then,  in  the  first  place, 
the  Spinal  Cord  as  a  Central  Organ. 

§  4.  As  the  ''  nerve-muscle  machine  "  is  a  preparation  for  testing 
experimentally  the  laws  of  the  action  of  the  nerves  as  conductors, 
so  preparations  may  be  made  for  testing  the  laws  of  the  reflex  and 
automatic  functions  of  the  spinal  cord,  by  separating  that  organ 
from  the  brain  by  section  below  the  medulla  oblongata.  For  the 
purpose  of  experiment,  the  '*  brainless  frog  "  is  the  most  convenient 
of  such  preparations  and  the  most  fruitful  of  results. '  If  the  flank 
of  such  a  frog  be  lightly  touched,  the  resulting  reflex  motion  will 
bo  limited  to  a  slight  twitching  of  the  muscles  that  lie  immediately 
beneath  the  spot  on  the  skin  thus  stimulated.  If  its  legs  be 
stretched  out  and  one  of  them  pinched,  all  the  segments  of  the 
limb  thus  irritated  will  be  rapidly  flexed  in  the  definite  purposeful 
wav  necessarv  to  withdraw  it  from  the  irritation.  If  the  skin  of 
the  region  near  the  anal  orifice  be  pinched,  a  new  combination  of 
muscular  contractions  will  take  place  and  a  different  form  of  defen- 
sive movements  will  result :  the  feet  will  be  drawn  up  toward  the 
sjKDt  irritated  and  tlie  legs  brusquely  extended,  as  though  to  push 
awny  the  irritating  agent  If  the  stimulus  applied  to  the  skin  of 
one  hind  leg  bo  increased  by  forcibly  pinching  it,  the  resulting 
reflex  motions  may  involve  the  fore  leg  of  the  same  side,  then  the 
hind  leg  and  fore  leg  of  the  op|X)side  side,  and  finally  almost  aU 
the  muscles  of  the  body.  Moreover,  changes  in  the  character  of 
these  reflex  motor  activities  take  place  which  are  plainly  adapted  to 
provide  for  changes  in  the  animals  circumstancea  For  if  the 
-right  tlank  of  a  brainless  frog  be  irritated  with  a  drop  of  acid,  and 
at  the  same  time  the  right  leg  be  held  (the  member  which,  if  un- 
hindered, would  be,  almost  witliout  exception,  used  in  the  attempt 
to  remove  the  irritation),  or  the  right  foot  cut  off,  the  left  foot 
may  be  used  for  the  same  purpose  of  defence. 

Phenomena,  similar  to  those  obtained  in  the  case  of  the  frog, 
are  obtained  from  other  brainless  animala  Thus  the  decapitated 
salamander,  when  the  skin  of  one  of  its  sides  is  pinched,  will  bend 
this  side  into  concave  shape  in  order  to  withdraw  it.    Not  succeed- 

'  For  detailed  information  see  Volpian,  Le^ona  sor  U  Phyiiologie  da  Sjf 
t^me  Nerveux,  pp.  311-465. 
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btl(|Ui  way,  it  will  mako  a  movcinciit  with  its  foot  as  though  to 
tmy  tbf>  PMOae  of  ibo  irritalioti.  In  the  case  o(  the  higher 
"  B  reflexes  ot  the  spiuod  cord  appear,  on  liral  iiitip^cliou, 
ijMrativelj  leehlo  anil  lacking  in  pttrpo8«fal  character. 
Ib>  —""■—'.  fur  a  relatively  long  time  aft«r  the  division  of  th9 
tard  from  Ui«  bnin.  exbibita only  verj-  imperfect  reactions  in  iwrts 
<d  tlw  body  ntpplied  bjr  wrrtn  whinh  spring  from  the  cord  helow 
Iba  pa^t  ot  iU  iwctiou.  But  if  th«  animiil  lie  kept  iihvo  for  twnie 
liiBB,  aoil  wna  iritbuut  any  phytiiologicol  union  of  the  wvercd  parb<, 
MOt«  BtniDg,  TariMl,  and  oouptcx  innvtiments  will  follow  upon  the 
■taDokticm  of  tiM  senaory  nerves  ot  those  jiarta.  ImmediAtely 
lAer  til*  BpiiuU  cart  of  a  dog  ia  divided  low  down  in  thn  dora^ 
nfian.  tbt  hind  Uuibn  hang  limp  anil  motionless ;  irritating  the 
iUa  aOit  fnrth  acdj  feeble  and  irregular  movoments,  or  none  at  all. 
Bat  after  KXiut  wsiika  or  tnonlha  hnfe  elapsed,  reactions  reueuibling 
ttoH  tinadj  d49«ribed  in  tho  caaa  «t  Lho  frog  {taking  into  account^ 
ol  coane,  the  difEereace  in  the  stinicture  nud  nonnot  functions  of  thn 
)  b»(nn  Ui  appear.  The  hin<i  limbs,  instend  of  remain- 
I,  will,  whfu  the  animal  is  hiilil  so  tliat  they  are  pen- 
D  u[i  ood  kt  down  o^n  with  a  kind  of  regular  rhythm, 
I  til*  eoBcUmt  Mtimulntion  of  tlieir  motor  nerves  l>j  the 
t,  throagti  Uie  apiuul  conl.  Mnreovfr.  it  is  found  that 
It  aire,  MX.  uid  timoingof  the  animal  determine  thr  chanxv 
V  9t  Ikae  bninleaa  nHnx  moTrmcnts.  That  is  to  aay,  the  spinal 
I  iMrwKiii  nuyehonintn,  emlKHlidn  in  its  r(>ry  utructnro  and 
I  aU  Ibe  pMrnliorities  ilne  to  these  causes.  And  whmi  ita 
■  «liot«d  llirough  the  Htimiilua  which,  nrisiug  in  many 
■  n)^n%  ftoiri  iu  upon  it  along  tlio  senaury  norrfstmttt*,  or 
'  l^^fk  «>iii«  almogvr  but  limited  impulse  occasioned  by  the  ap- 
l^^.s  of  (tiiiiulua  to  a  particular  aput  on  the  tikiu  with  a  dclinito 
^'.'r—  .if  lu-tiZy.  these  actirities  Ix^ir  the  character  l>otlt  of  the 
'"^uUiiui,  iii.d  (if  iIm  mi-diating  ccntml  organ. 

I-L  LiliJe  used  be  odited  to  what  has  olreoily  been  aaid  (Chap. 
'^  1 1),  in  dawrrijTtioD  of  tluit  nuvluinistn  of  tlio  cord  to  which 
*"  (annuing  rnuvkabla  functiunu  ore  referred.  Earlier  investi- 
^'Vi'  MMimed  the  ciisteuce  of  a  special  system  of  sensory  and 
••■•  »»rw-fibms  with  rimm-clint;  rjcrroH-elln,  diwigninl  and  nppro- 
^■M  «4eh  for  en-cuting  thi-»B  reflex-motor  BClivilitK.  That  the 
»  for  redrx  morcmcnU  are  to  a  certain  extent  distinct 


*  IW  if^Bol  roit]  from  thiMD  dovotod  to  apecilically  volantary  ae- 
^^^  *Wa  aeems  lo  Ito  goal  reason  tot  affirming  ;  but  the  older 
M|l«.  ManluU  Uall,  la  Us  New  NMOoir  on  Um  KerraiM  njttun. 
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supposition,  that  there  are  double  tract8»^-one  connected  with  con- 
Bcious  and  voluntary  reaction  upon  sensation,  and  one  connected 
with  unconscious  and  involuntary,  or  merely  reflex-motor,  reac- 
tion,— between  the  spinal  cord  and  the  end-organs  of  sensation 
and  motion,  is  almost  certainly  incorrect  It  seems  antecedently 
very  improbable  that  every  spot  of  the  skin  should  be  equipped 
witli  such  a  twofold  outfit  of  both  kinds  of  nerve-fibrea  No  par- 
ticular nen'es  which  serve  merely  for  reflex-motor  functions,  and 
which  have  no  connection  either  with  conscious  sensation  or  with 
voluntar}'  motion,  can  be  pointed  out 

What  happens  with  respect  to  conscious  sensation — the  rise  of 
it  or  its  fiulure  to  rise— depends  rather  upon  the  effect  of  the 
stimulus  on  the  end-organ,  and  upon  the  condition  in  which  that 
stimulus  finds  the  centnd  organ  on  its  arrival  there.  In  consider- 
ing that  mechanism  of  the  spinal  cord  which  comes  into  use  when 
it  acts  OS  a  central  organ  in  all  the  reflex-motor  activities  belonging 
to  it,  the  office  of  the  ganglion-cells  is  usually  made  prominent 
And  it  con  be  definitely  proved  that  these  cells  are  an  important 
part  of  the  reflex  mechanism  of  the  cord.  But  the  extremely  del- 
icate network  of  interlacing  nerve-fibres  in  which  the  processes 
of  these  cells  lose  themselves  also  bears  an  important  part  in  the 
same  functions.  Precisely  what  elements  of  the  central  substance 
alone  act,  and  precisely  how  the  elements  act  that  do  act,  it  is  im- 
j>ossible  to  say. 

§  0.  The  following  laws  embody  the  most  important  general  re- 
sults of  ex])erimeut  upon  the  reflex-motor  functions  of  the  spinal 
cord,  as  applied  to  a  variety  of  animals  under  a  great  number  of 
chan<j^ng  conditions  and  circumstances. 

The  primary  stimulation  of  the  sensory  nerves  must  have  a  cer- 
tain degree  of  strength  ami  suddenness  in  order  to  produce  a  sec- 
ondary excitation  of  the  motor  nerves  through  the  centres  of  the 
spinal  cord.  This  is  true  of  all  the  different  kinds  of  stimuli  by 
applicjition  of  which  s|)inal  reflexes  can  be  obtained.  Continuous 
irritation  of  the  skin,  if  very  slowly  increased,  may  be  carried  to 
the  extent  necessary  to  destroy  its  sensitive  surface,  without  giving 
rise  to  any  reflex  moTcments ;  but  a  less  degree  of  stimulus,  if 
suddenly  applied,  will  call  forth  such  movements.  Different  chem- 
ical substances,  when  used  as  irritants,  produce  effects  dependent 
upon  the  strength  of  the  solution.  Thus  a  weak  solution  (-|^-f  ^) 
of  sulphuric  acid  is  recommended  by  some  experimenters ;  and 
it  is  asserted  that  in  this  way  exactly  the  same  reflex  move- 
ments, as  respects  kind  and  degree,  can  be  repeatedly  got  from  the 
same  nerve-preparation,  with  a  machine-like  regularity.   Each  chem- 
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ical  stimnlns  has  its  lower  limit  of  concentration  which  will  produce 
any  reflex  movement,  and  also  its  latent  period.     The  time  of  the 
latent  period  for  weak  solutions  of  sulphuric  acid  is  said  by  Baxt ' 
to  increase  nearly  in  geometrical  ratio,  while  the  concentration  of 
the  acid  diminishes  in  arithmetical  ratio.     The  chemical  stimulus, 
like  the  mechanical,  can  be  so  slowly  increased  in  strength  as  to 
produce  no  effect     The  same  thing  is  also  true  of  thermic  stimu- 
lus.    A  decapitated  frog  may  be  placed  in  water,  and  the  water 
gradually  heated  to  the  point  at  which  heat-rigidity  sets  in,  without 
showing  any  reflex  activity.     This  fact,  however,  may  be  in  part 
ascribed  to  the  direct  effect  of  the  heat,  diffused  from  the  skin 
upon  the  central  organ.    The  same  law  which  renders  stimulus 
iooperative,  when  very  gradually  increasing  in  strength,  applies  to 
the  use  of  the  electrical  current     Bepetition  of  the  shocks  is  much 
znore  effective  than  a  slow  increase  in  the  strength  of  the  current 
Single  induction-currents  are  relatively  powerless,  and  produce  no 
effect  unless  they  have  a  high  degree  of  strength.    Frequent  inter- 
zmptions  greatly  increase  the  efficiency  of  the  constant  current  in 
X>roducing  reflex  movements.    It  would  seem,  then,  that  a  kind  of 
^ununation  of  afferent  impulses  may  take  place  in  the  spinal  cord  ; 
'C^hat  is  to  say,  the  repeated  excitation  of  the  nervous  centre  starts 
nerve-commotion  in  its  substance,  which  gathers  intensity  until 
t  breaks  over,  as  it  were,  into  the  adjoining  motor  tracta     We  can 
ly  affirm,  however,  that  such  summation  of  many  impulses  is 
^^cnaecesaary  to  start  off  the  nervous  centre,  as  it  were,  since  the  sin- 
le  making  of  the  constant  current,  or  a  single  strong  induction- 
hock,  may  be  followed  by  a  number  of  reflex  movementa 

§  7.  The  itpeed  of  reflex  processes  is   apparently  increased  by 
ncreasing  the  strength  of  the  stimulus.     We  have  already  spoken 
p.  123)  of  the  delay  which  the  process  of  conduction  suffers  in  the 
inal  cord  when  passing  longitudinally.     The  time  of  cross-con- 
uction  also  in  the  cord  seems  to  be  a  function  of  the  strength  of 
he   stimulu&     Exner'  calculated  by  an  experiment,  which  con- 
isted  in  causing  one  eyelid  to  move  by  stimulating  the  other,  that 
he  time  consumed  in  the  specifically  central  operations  of  the  re- 
ex  act  can  be  made  to  vary  between  0.055  and  0.047  of  a  second 
y  increasing  the  strength  of  the  stimulus.     Bosenthal  *  and  others 
ave  found  that  the  time  for  any  reflex  act  diminishes  considerably 
ith  the  increase  of  the  strength  of  the  stimulus  ;  is  greater  in  trans- 
erse  than  in  longitudinal  conduction  ;  and  is  much  increased  by  ex- 

'  Quoted  in  Hermann,  Handb.  d.  Physiol.,  II.,  ii.,  p.  29. 
•  See  Pflftger'B  Archiv,  viii.,  p.  530  if. 
'MonaUbericbt  d.  Berlin.  Acad.,  1873,  p.  104. 
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baustion  of  the  cord.  With  very  strong  stimuli  it  becomes  almost 
too  brief  for  obsenation.  Wundt,*  however,  denies  that  the  time  of 
the  reflex  act  is  de])endent  upon  the  strength  of  the  stimulus ;  on  the 
contrary,  he  affirms  that  the  time  is  either  very  little  or  none  at  all 
affected  by  changes  in  strength  of  the  stimulus,  or  else  is  even 
changed  in  the  contrary  direction  to  that  required  by  the  alleged 
law  of  Exner  and  Rosenthal 

§  8.  The   vondilion  of  the  spinal  cordy  at  the  time  when  it  re- 
ceives the  impulses  of  the  sensory  nerves,  undoubtedly  determines 
to  a  large  extent  the  character  of  the  resulting  reflex   motiona 
Lesion  increases  the  excitability  of  the  pail  below  the  lesion,  and 
this — for  example,  in  the  case  of  reflex  movements  of  the  posterior 
limbs — according  to  the  amount  of  the  cord  removed  from  the  por- 
tion of  it  lying  anterior  to  its  nervous  connections  with  these  limbs.' 
Marked  effects  are  also  produced  by  certain  drugs,  as  strychnine, 
chlorofoiin,  aconite,  quinine,  etc.     Of  these  drugs,  some  heighten 
and  some  depress  its  excitability.     In  an  animal  slightly  poisoned 
with  strj'chnine,  the  excitability  of  the  cord  is  more  or  less  height- 
ened ;  and  in  cases  of  strong  poisoning  with  the  same  drug,  the 
least  stimulation  mav  call  forth  a  condition  of  tetanus  or  convul- 
sive  cramping  extending  to  the  whole  body.     Two  ways  of  explain- 
ing this  effect  upon  the  mechanism  of  the  central  organ  are  pos- 
sible :    one,  that  the  excitability  of  those  portions  of  this  organ 
which  mediate  between  the  sensory  and  motor  impulses  is  so  much 
increased  by  the  poison  that,  on  being  stimulated,  they  explode 
their  molecular  energj',  as  it  were,  and  cause  it  to  be  diffused  with 
gi'eat  strength  into  unaccustomed  patlis ;  the  other,  that  the  effect 
of  the  poison  is  to  diminish  the  resistance  along  all  the  network 
of  paths,   both  habitual  and   unaccustomed,  in   the  spinal   ooid. 
Between  these  two  explanations  £x;khard  *  will  not  decide ;  Rosen- 
thal seems  to  prefer  the  former,  Foster*  and  others  the  latter. 
Chloroform  and  various  other  anaesthetics  diminish  the  reflex 
tion  of  the  cord.     As  to  the  effect  of  changes  in  temperature,  an 
in  electrical  condition,  upon  the  spinal  reflexes,  the  conclusions  o 
different   experimenters  are  somewhat  divergent     This  power  o: 
the  nenous  mechanism  is,  as  we  have  already  seen,  retained  longer* 
in  low  than  in  high  temperatures.     According  to  Cayrade,   whei» 
the  temperature  of  the  whole  cord  is  raised,  the  reflex  movements, 
however  produced,  become  more   energetic  and  the  single  con- 

'Mechanik  d.  Nerven,  abth.  ii.,  pp.  14  flf.     Stattgart,  1876. 

'  Vulpian,  Levous,  etc.,  p.  4:i8. 

3  In  Hermanu,  Hamib.  d.  Physiol.,  II.,  ii.,  p.  43. 

*  Text-book  of  Pbysiology,  p.  '(K)2. 
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tractions  last  longer.  Another  observer  found  a  temporary  rise  of 
excitability,  followed  by  a  depression^  on  beating  sections  of  the 
cord  between  75°  and  158°  Fahr.  On  the  other  hand,  some  observ- 
ers are  of  the  opinion  that  cold  increases  the  excitability  of  the 
cord.  In  experimenting  with  the  electrical  current  it  is  very  diffi- 
cult to  distinguish  between  its  effect  upon  the  central  organ  as  the 
mediating  mechanism  and  the  effect  of  the  same  stimulus  upon 
the  nerve-roots  and  nerve-paths  between  which  the  mediation 
occurs. 

§  9.  The  locality  to  which  the  stimulus  is  applied  has  a  marked 
influence  in  determining  the  extent  and  character  of  the  resulting 
reflex  movements.  The  most  important  difference  of  all  is  that 
found  by  stimulating  some  spot  of  the  skin,  and  then  comparing 
the  resulting  reflex  action  with  what  follows  upon  the  application 
of  the  same  stimulus  to  the  trunk  of  the  nerve  which  is  distributed 
to  that  region  of  the  skin.  The  simple  nervous  impulses,  which 
result  from  stimulating  the  afferent  nerve-fibres  directly,  call  forth 
irregular  spasms  in  a  few  muscles  only ;  the  complicated  nervous 
impulses,  which  result  from  applying  the  same  stimulus  to  the 
skin,  are  followed  by  extended  movement  of  many  muscles  directed 
toward  definite  ends.  Moreover,  it  is  much  more  easy  to  produce 
reflex  action  by  a  slight  pressure  on  the  skin  than  by  even  strong 
induction-shocks  when  applied  to  the  nerve-trunk.  By  separating 
a  small  bit  of  skin  from  that  surrounding  it  on  the  back  of  a  brain- 
less frog,  while  taking  care  not  to  injure  the  nerves  that  attach  it 
to  the  body,  the  foregoing  difference  may  be  made  strikingly  clear 
in  an  experimental  way.*  Mliat  particular  reflex  actions  will 
be  evoked  by  the  stimulus  is,  in  each  case,  dependent  upon  the 
particular  locality  of  the  skin  to  which  the  stimulus  is  applied. 
Such  facts  suggest  the  truth  that  the  entire  mechanism  of  the  cord 
is  broken  up  into  centres  of  activity,  which,  however,  arc  in  close 
molecular  relation  with  each  other,  and  which  are  of  a  somewhat 
expansive  nature. 

In  view  of  the  foregoing  truths  Pflilger'  has  formulated  the  fol- 
lowing laws  of  relation  between  the  stimulation  and  the  resulting 
reflex  action :  {a)  In  the  case  of  a  spinal  cord  from  which  the 
medulla  oblongata  is  wholly  severed,  all  reflex  motion  confined  to 
one  side  of  the  body  is  due  to  stimulation  of  that  side,  (h)  Reflex 
movements  of  both  sides  never  occur  in  a  diagonal  direction  ;  that 
is  to  say,  stimulating  one  hind  limb  can  never  evoke  reflex  move- 

'  See  the  article  of  Fick  and  Erlenmeyer  in  Pfluger's  Archiv,  iii.,  p.  326. 
*  In  his  work,  Ueber  d.  sensorischeu  Functionen  d.  Biickeumarks.     Berlin, 
1853. 
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ment  of  that  limb  and  of  the  fore  limb  of  the  opposite  sida'  (c)  If 
reflex  action  is  called  out  in  the  limbs  of  both  sides,  and  sach  action 
is  stronger  on  one  side  than  on  the  other,  then  it  is  stronger  on  the 
side  stimulated,  {d)  If  the  motor  effects  of  the  stimulation  sihow 
that  the  excitation  has  been  "irradiated,"  as  it  were,  from  one 
centre  to  another,  then  such  movement  of  irradiation  is  always 
downward  toward  the  medulla  oblongata  in  the  brain,  and  upward 
in  the  cord  toward  the  same  organ.  It  is  by  no  means  certain, 
however,  that  these  formulas  (especially  the  second — No.  6)  admit 
of  no  exceptions  which  are  involved  in  the  peculiar  structure  and 
functions  of  the  cords  of  certain  animals.  But  the  general  rule 
appears  to  be,  that  the  excitation  of  a  sensory  nerve  with  a  alight 
degree  of  stimulus  gives  rise  to  reflex  movements  which  originate 
in  the  cord  on  the  same  side,  at  about  the  same  altitude  as  that  at 
which  the  sensor}'  impulses  enter  the  cord ;  with  an  increased  amount 
of  stimulus,  it  gives  rise  to  those  also  that  arise  in  the  other  half  of 
the  cord  at  the  same  altitude ;  with  a  still  greater  amount,  to  those 
which  arise  above  and  below  on  both  sides  of  the  cord,  with  the 
l^reference  given  to  the  same  side.  That  is,  the  molecular  disturb- 
ance, as  it  is  dispersed  or  radiated,  passes  from  the  cells  and  net- 
work of  fibres  situated  near  together  on  the  same  side  of  the  cord, 
first  to  those  on  the  other  side  of  the  cord  at  the  same  altitude,  and 
then  diffuses  itself  on  both  sides  up  and  down  the  cord.'  Accord- 
ingly, it  is  only  after  allowing  for  a  difference  in  the  obstacles  to  be 
overcome  along  the  different  paths  anatomically  open  to  any  nerve- 
commotion  in  the  spinal  cord,  that  we  can  adopt  the  declaration 
of  Luchsinger : '  When  an  excitation  is  started*  anywhere  in  the 
spinal  cord,  it  radiates  from  this  point  in  all  directions,  but  with 
diminishing  intensity.  Hence  the  title  which  Flourens  and  Vul- 
pian,*  follo\*'ing  him,  have  given  to  the  spinal  cord — "the  organ  for 
the  dispersion  of  in-itatious." 

§  10.  Besides  such  undoubted  reflex  action  as  the  foregoing, 
other  eases  where  the  spinal  cord  controls  the  muscles  of  the  body 
are  less  certainly  of  a  purely  reflex  character.  Indeed,  for  some 
such  cases  the  title  of  "  automatic  "  has  been  employed.  The  cord 
is  not  callable  of  "  irregular  automatism  " — that  is,  of  spontaneous 
excitation  like  that  which  takes  place  in  the  higher  nervous  centres 

'  See  the  observations  of  Luchsinger,  which  seem  to  show  that  in  some  aiii< 
mals — as,  e.g.^  the  salamander,  turtle,  and  even  dogs,  when  under  the  infla- 
ence  of  ether— cross  reflexes  in  violation  of  Pfliiger's  law  do  sometimefl  occur 
Pfliiger*s  Archiv,  xxii.,  pp.  179  ff. 

^  Compare  Wundt,  GrundzQge  d.  pliysiol.  Psjchologie,  !.,  pp.  108  and  109. 

»  Pflflger's  Archiv,  xxii.,  p.  178. 

*  Lei^ons  sur  la  Physiologie,  etc. ,  p.  404. 
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on  volition.  If  a  brainless  frog,  for  example,  be  kept  in  a  condi- 
tion of  perfect  equilibrium  with  respect  to  stimulus,  it  will  remain 
wholly  motionle8&  But  the  cord  of  such  an  animal  will  continue 
to  influence  certain  muscles  of  the  body  through  the  motor  nerves, 
even  in  cases  where  sensory  impulses  are  difficult  or  impossible  to 
trace.  What  is  called  the  "  tonic  action "  of  the  cord  upon  the 
skeletal  and  sphincter  muscles,  or  the  smooth  muscles  of  the  ar- 
terieSy  is  a  chief  illustration  of  this  influence.  The  fact  that  such 
tonic  action  does  not  contract  all  the  muscles  connected  with  the 
cord  at  the  same  time,  or  any  one  set  of  them  with  the  same  en- 
ergy as  any  other,  throws  some  suspicion  on  its  alleged  automatic 
character.  A  careful  sifting  of  the  evidence  rather  induces  Us  to 
ascribe  this  influence  to  the  constant  reflex  action  of  stimulus  from 
sabtle  changes  in  the  external  circumstances  in  which  the  animal 
Ib  placed.  Moreover,  the  sensory  nerves  in  the  muscles  and  ten- 
dons, as  well  as  in  the  skin  and  organs  of  special  sense,  may  occa- 
sion the  rise  and  continuance  of  such  reflex  action.  Different  in- 
vestigators, almost  without  exception,  have  failed  to  notice  any 
lengthening  of  a  muscle  (or  loss  of  its  tone)  when  the  nerve  going 
to  it  is  severed  from  the  cord.  That  this  so-called  *' tonic  "  influ- 
ence is  largely  reflex-motor  is  also  shown  by  the  fact  that  the  tone  of 
the  muscles  is  lost  when  the  skin  covering  them  is  removed,  or  when 
the  posterior  root  which  furnishes  sensory  impulses  for  the  motor 
nerves  connected  with  them  is  cut.  Brondgeest  has  shown  that, 
when  a  decapitated  frog  is  hung  up  after  having  the  sciatic  plexus 
cat  on  one  side,  the  leg  is  more  flexed  (that  is,  the  muscles  have 
more  of  tone)  on  the  other  side.  But  the  same  flaccid  condition  of 
the  muscles  can  be  produced  by  cutting  only  the  posterior  (or  sen- 
sory) roots  of  this  plexus.  This  observer  is  satisfied  that  the  con- 
traction of  the  muscles  in  the  uninjured  hmb  is  due  to  stimulation 
from  the  nerves  of  the  skin ;  the  tonic  action  of  the  cord  on  the 
skeletal  muscles  is,  therefore,  reflex.  The  only  objection  to  consid- 
ering the  tone  of  the  sphincter  muscles  reflex  lies  in  the  fact  that  this 
tone  continues  to  exist  after  all  other  reflex-motor  action  has  been 
suppressed  by  narcotics ;  but  our  knowledge  of  the  nervous  mechan- 
ism which  controls  these  muscles  is  not  sufficiently  complete  to  make 
it  certain  that  we  have  excluded  all  possible  forms  of  reflex  influence. 
Of  the  marked  influence  of  the  nervous  system  upon  the  cali- 
bre of  the  arteries,  and  through  this  upon  the  character  of  the 
circulation  of  the  blood,  there  is  abundant  evidence.  Besides  the 
main  voso-motor  centres  in  the  medulla  oblongata,  certain  parts  of 
the  spinal  cord  are  capable  of  acting  as  such  centres.  Circulation 
may  continue  vrith  regularity  in  a  beheaded  frog  ;  but  the  removal 
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also  of  any  considerable  part  of  the  cord  afifects  the  circulation 
through  the  loss  of  tone  in  the  blood-vessels  which  it  occasions. 
The  mechanisms  for  expanding  and  contracting  the  arteries  are 
apparently  interlaced  with  those  for  contracting  the  skeletal  mus- 
cles, in  all  portions  of  the  cord.  But  their  chief  work  undoubt- 
edly consists  in  transforming  afferent  impulses  into  efferent  vaso- 
motor impulses  directed  toward  the  dilatation  or  constriction  of  the 
arteries.  Whether  they  are  capable  of  automatic  action — in  the 
sense  in  which  the  medulla  oblongata  seems  to  be  thus  capable — 
is  a  question  we  need  not  discuss  in  detail  here. 

§  11.  The  facts  already  alluded  to,  and  others  similar,  form  the 
basis  for  the  assumption  of  *'  Centres  "  in  the  spinal  cord.  In  general, 
the  application  of  a  given  amount  of  stimulus  to  a  definite  group  of 
sensory  nerves  calls  forth  reflex-motor  activities  in  definite  groups 
of  muscles  by  means  of  a  certain  region  of  the  cord.  What  groups 
of  muscles  ore  thus  moved  depends  upon  the  amount  of  the  stimu- 
lus and  the  locality  of  its  application.  This  fact  is  due  to  disper- 
sion of  that  nerve-commotion  which  is  set  up  at  different  points 
in  the  course  of  the  cord  by  the  excitation  of  those  points  through 
the  sensory  nerves.  That  is  to  say,  the  mechanism  of  this  central 
organ  is  so  constructed  as  to  connect  the  sensory  with  the  motor 
tracts,  more  favorably  in  some  regions  than  in  othera  Such  re- 
gions are  the  so-called  reflex  centres  of  the  spinal  cord.  If,  how- 
ever, a  more  or  less  constant  flow  of  motor  impulses  takes  place 
from  any  region,  and  this  flow  is  due  to  molecular  activity  not 
occasioned  by  the  sensory  nerve-fibres  of  the  region,  then  such 
region  may  also  be  called  an  automatic  centre.  Nothing  would 
seem  to  prevent  the  same  region  from  acting  as  both  a  reflex  and 
an  automutic  centre.  The  general  principle  may  then  be  formulated 
as  follows :  **  The  spinal  cord  is  the  proximate  centre,  the  proximate 
physiological  hearth  of  excilationy  for  all  the  nerves  that  originate 
from  it. "  This  principle  has  been  defended  and  illustrated  with  many 
researches  by  Legallois,  Volkmann,  Pflflger,  Gk>ltz,  Luchsinger,  and 
othei*s.  In  accordance  with  it,  and  especially  since  the  **  epoch- 
making  "  experiments  of  Goltz  upon  the  spinal  cord  of  dogs,  many 
functions  which  were  formerly  ascribed  to  the  brain  have  been 
shown  to  have  their  proximate  centre  in  the  spinal-cord.  In  ac- 
cordance with  the  siime  principle,  it  is  discovered  that  different 
animals  have  different  spinal  centres  varying  in  relation  to  their 
peripheral  structure  and  their  habits.* 

*  Compare  tlie  rosiilts  of  the  researchw  of  Langendorff  in  the  Arohiv  f. 
Anat.  u,  Physiol.,  Physiolog.  Abth.,  188i),  pp.  518  ff.,  and  1881,  pp.  519  ft.; 
and  of  Luclisiuger  iu  l^uger^s  Aichiv,  xxii.,  pp.  158  ff.,  and  xziii.,  pp.  806  ff. 
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In  illustration  of  the  last  point  the  following  facts  may  be  men- 
tioned :  By  the  sufficiently  long-continued  and  strong  stimulation 
of  any  portion  of  the  akin  of  a  decapitated  frog,  reflex  movements 
may  be  induced  in  all  of  its  muscles.  With  rabbits,  however,  a  reflex 
action  of  one  hind  leg  can  be  caused  by  stimulating  the  sensory 
nerves  of  a  fore  leg,  only  in  case  a  portion  of  the  medulla  oblon- 
gata (at  least  about  one-third)  be  left  attached  to  the  cord.  With 
the  cord  alone,  the  stimulation  of  one  hind  leg  fails  to  excite  ac- 
tion in  either  of  the  fore  limbs.  By  using  great  care  and  artificial 
respiration,  Luchsinger*  succeeded  in  obtaining  what  he  calls  a 
"  trotting  reflex  "  from  the  spinal  cord — after  being  completely  sev- 
ered from  the  medulla  oblongata — of  several  young  animals  with 
which  that  form  of  movement  is  natural  Thus  the  diagonal  op- 
posite extremities  of  goats  and  cats  were  moved  in  response  to 
even  such  weak  stimulation  as  passive  motion  of  the  fore  leg,  gen- 
tle pressure,  and  weak  electrical  currents.  In  general,  then,  it 
would  seem  that  the  spinal  cord  of  every  animal  is  a  series  of  con- 
nected mechanisms,  which  are  arranged  so  as  to  move  the  muscles 
of  the  body,  either  under  the  control  of  the  higher  nervous  centres 
or  in  response  to  stimulation  entering  it  at  any  point  through  the 
sensory  peripheral  nerves,  in  accordance  with  the  specific  structure 
and  habits  of  the  animaL 

Many  of  the  chief  special  centres  connected  with  the  organic  and 
Tital  functions  are  located  in  the  medulla  oblongata ;  those  con- 
nected with  the  co-ordination  of  impressions  of  the  special  senses 
and  muscular  action  belong  to  the  still  superior  portions  of  the 
cerebro-spinal  system.  But  the  spinal  cord  also  contains  mechan- 
isms which  serve  as  centres  of  both  these  kinds.'  Their  location, 
however,  is  so  much  a  matter  of  the  special  physiolopjy  of  particular 
species  of  animals,  and  is  so  indirectly  connected  with  the  inquiries 
of  physiological  psychology,  that  it  is  unnecessary  to  add  anything 
further  upon  the  subject. 

§  12.  The  question  whether  the  spinal  cord  is  excitable  as  a 
whole,  and  in  its  several  parts,  by  artificial  stimulation,  has  been 
much  debated.      Its  direct  excitability  as  a  whole  is  denied  by 

^  See  Pfliiger's  Arcliiv,  xxviii.,  pp.  65  ff. 

'  Besides  the  vaso-motor  centres  already  referred  to,  those  for  micturition, 
defecation,  erection,  parturition,  etc.,  may  also  be  mentioned.  Goltz,  in  his 
celebrated  researches  in  1874  (see  Pfluger's  Archiv,  viii.,  pp.  474  ff.\  showed 
that  normal  micturition  may  take  place  in  a  dog  in  which  the  lumbar  region 
has  been  completely  severed  from  the  dorsal  region.  The  influence  of  the 
cerebral  centres  seems,  however,  to  be  necessary  to  cause  a  steady  increase  or 
decrease  of  the  action  of  the  sphincter  ani.  The  cilio^Rpinal  centre,  located  by 
Budge  at  the  seventh  and  eighth  cervical  roots,  is  more  doubtful. 
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SchiflC*  ^^o  declares  that  the  motions  obtained  by  stunnlating  any 
part  of  the  cord  with  electricity  comprise  only  those  muscles  which 
are  physiologically  related,  to  the  exclusion  of  those  which  are  ana- 
tomically contiguous  through  the  stimulated  part  of  the  cord.  A 
strong  local  stimulus,  he  affirms,  produces  just  the  same  reflex  mo- 
tions as  those  which  are  accustomed  to  arise  on  occasion  of  an  ex- 
tended irritation  of  the  skin  at  the  places  to  which  the  nerves  is- 
suing from  this  locality  of  the  cord  are  distributed.  It  is  inferred, 
then,  that  the  resulting  motions  are  obtained  only  reflexly,  by  in- 
Tolring  the  sensory  nerve-roota  But  that  certain  longitudinal  parts 
of  the  cord  can  be  directiy  stimulated  seems  capable  of  demonstra- 
tion. For  Fick  and  Engelken*  found  that  movements  of  the  mus- 
cles were  obtained  when  the  anterior  columns  were  isolated  from 
the  rest  of  the  cord  for  a  considerable  distance  and  then  stimulated. 
Luchsingers'  experiments,  moreover,  contradict  the  conclusions  of 
Schiff;  and  Mendelssohn*  found  that  the  reaction-time  of  the  an- 
terior half,  and  especially  of  the  anterior  columns  of  the  cord,  was 
uniformly  less  than  the  reaction-time  of  its  x>06terior  columna  The 
latter  also  found  that  weaker  stimuli  would  suffice  to  excite  motion 
when  applied  to  the  anterior  columns.  But,  according  to  Schiff* 
again,  the  cord  contains  no  motor  elements  that  are  directiy  exci- 
table except  the  central  paths  of  the  nerve-roota  He  also  agrees 
with  van  Docn  in  denying  that  the  gray  matter  of  the  cord  can  be 
nmdo.  by  direct  stimulation,  to  originate  either  motor  or  sensory 
iinpulsoa  It  affords  paths,  however,  for  the  transmission  of  both 
thoKt*  kinds  of  impulse  when  once  started  by  the  other  nervous  ele- 
inontH.  Si'hiff  accordingly  speaks  of  the  posterior  gray  columns, 
and  of  those  parts  of  the  posterior  white  columns  which  are  not 
dirt»rt  prolongations  of  the  nerve-roots,  as  "  (BSthesodic,**  The  corre- 
HpondiiiK  parts  of  the  anterior  cord  he  calls  '* kinesodic,*"  The  sen- 
sit  ivtMU'Hs  of  the  posterior  columns  which  others  discover  on  experi- 
ment hv  regards  as  only  indirect  Vulpian,*on  the  contrary,  agrees 
with  Hrll,  Miigondie,  Flourens,  and  Longet,  in  holding  that,  while 
tlio  grtiv  mat  tor  is  absolutely  inexcitable  and  the  posterior  colunms 
vnrv  oxcitjible,  the  anterior  columns  possess  only  a  moderate  d^ree 
nf  oxritubility. 

•  K#»l^  omwiliklly.  articles  in  PflUger's  Archiv,  zzviit,  pp.  587-WS,  and  xxix., 

i,|i  mi;  ftr»«*k 

•  liii  lliiin  lU'Vinond's  Archiv,  1867,  p.  1»8 ;  and  Pfluger't  Aichiy,  ii,  p,  414. 
•PrtuK'T'ii  An'hlv.  xxii.,  pp.  169-176. 

•  Atotiiv  f   AnM.  u.  PhTsioL.  1888,  Phyriolog.  Abth.,  pp.  888  IT. 

•  Mrtnunt'ii  Arrhir,  xxix.,  p.  598. 

•  Uvoii>  i»ur  U  Phjr»iologie  du  Sjrst^me  nerveoz,  p.  868. 
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a  amof^ment  for  npplving  the  mocluuiieal  Btimu' 
s  fima  an  eilremelj  line  iiL>c(lli>{>oitil  to  delinitel;  cir- 
libcd  spoti  in  the  spiual  cord  of  the  (rug,  £.  A.  Birge '  seems 
e  d«noi»ti«tod  tho  eusccptiltility  of  the  gangliou -cells  to  di- 
L  Pricking  thnte  nclls  produces  moveruenta  in  defl- 
I  groups  uf  iuui«.-It!H ;  oud  the  tt-  liinimis  iuTariablj 
1  lo  thfl  nuBcles  of  tbo  snuie  lude  aa  tlmt  of  the  cells  stimu- 
.  tiwIiiM  (bs  inicroaeopic  exnniiiuitioi)  shows)  the  effect  cif  the 
le  hM  raubed  certain  cells  on  the  other  side.  Btr^  also 
1  that  diflm&t  ngions  of  a  single  cross-section  of  the  cord  are 
t  in  different  degrees ;  the  region  from  the  posterior  fissure 
In  ttw  niMlian  liiKi  of  the  gt*y  Difttt«r  being  most  inactive,  and  that 
«<  tkw  Ivge  giuigh<>D-ci4ht  in  Uie  oatcriur  horn  sinvortnhty  being 
Mm  to  produoo  tetanus 

la  *i«w  of  such  oonfiict  of  testimony  it  can  only  be  said  that 
antaia  lungittulinal  porta  of  the  sjiiuid  cord  nre  plainly  suscuptiblc 
ion,  Uut  at  present  it  is  difficult  to  decide  which 
lAj,  an  sensitive, 
a  far  Iba  i^niU  cord  Ims  been  cttnstdered  as  a  series  of 
I,  thai  act  automatically  or  re&exly  when  separated 
But  in  its  normal  cnntlition  the  conl  always  nets, 
rlh«  iulltiitiiMi  of  (JiD  brain.  Tho  bruin  thuti  exer- 
1  nodifyiug  iuflucDce  over  tho  automatio  and  reflex 
■  of  the  inferior  organ.  Tlio  cord  alone  can  be  depended 
B  it  were,  lo  respond  with  great  regularity,  in  the  form  of 
t  raflex  momoenta,  to  a  given  amount  of  stimidus,  when 
t  a  given  ImMlily.  But  the  action  of  thi^  hraiii,  when  at- 
i  b  th*  nird,  ialerfere«i  with  this  regularity,  so  that  the  ex* 
r  muTinuentii  may  not  resolt  when  tho  stimulus  is 
'  'tf'iid  Th«iy  ar»  llian  aaid  to  Ihi  tnhilHlf^l  hy  tho  acliuii  of  tbo 
**■&  The  pbcaoama  of  "inhibition."  when  connected  with  vo- 
^■<  m  bmiliar  enoagli ;  for  example,  otio  mny  ^-olunlnrily  n>- 
""^  Ihew  montnenta  of  one's  legs  which  the  conl,  if  left  to  it- 
i  pradtKsa  aa  tho  nanilt  of  tickling  the  wilrn  of  the  tvet 
•  bain  wtthnut  ccmsciouH  voUtiou  eiercisea  the  saiue  in- 
r  tho  apinal  cord.  If  a  fr^g  is  BiiHi>«-nde<l  by  tho 
pi  aUowwI  to  dip  into  a  vesael  of  dilute  acid,  the  io- 
I  eontaet  of  the  add  and  the  withdrawal  of  the 
Y  langthoncd  wliou  tlio  spinal  cord  remains  un- 
V  tha  BMdnUa  oblongata  ;  tlmt  i«  to  aay,  tho  cunl  alone 
I  qukker  thau  ttio  cord  when  influenced,  or  in- 
I  bj  tha  fanin.  TIm  interval  between  the  appbcation  of  tbo 
L  K.  Phjrtlal..  1882,  Pliyiiolug.  AUb  ,  pp.  481-WS. 
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acid  and  the  contraction  of  the  muscles  can  also  be  prolonged,  when 
the  bniin  Ih  Htill  connected  with  the  cord,  by  appl}ing  chemical 
irritiitiou  at  the  same  time  to  the  optic  lobes;  that  is  to  say,  the 
cord  is  hindered  from  performing  its  reflex-motor  function  by  the 
stimulation,  and  consequent  influence  upon  itself,  of  the  higher 
nenouH  centre.  Moreover,  if  at  the  time  that  one  leg  of  a  brain- 
less fro<(  M  dipi)od  into  the  acid,  the  sciatic  nerve  of  the  other  is 
strongly  KtiniuLiteil  with  an  interrupted  current,  the  same  prolon- 
gation of  the  perioil  of  incubation  will  be  observed  ;  in  some  cases, 
indeed,  the  reflex  act  w^ill  not  take  place  at  alL  In  discussing  the 
reciprocid  relations  of  the  higher  centres  of  the  brain,  we  shall  dis- 
cover many  phenomena  similar  to  the  foregoing.  All  these  centres 
may  exercise  this  so-ctdled  "  inhibitory  "  action  upon  other  centres, 
accordin[^  to  their  several  ph^^siological  connections.  The  phenom- 
ena of  inhibition  arc  not,  therefore,  confined  to  the  influence  of  the 
brain  on  the  K|)inal  cord. 

£Lilx)ratc  attempts  liave  been  made  to  point  out  a  special  mech- 
anism of  inhibition.  Tims  Setschenow '  has  advocated  the  view 
that  localized  inhibitory  centres  exist  in  the  brain,  and  that  the  de- 
pressing cfTeot  travels  by  certain  definite  tracts  in  the  spinal  cord. 
But  on  this  subject  our  doubts  are  entitled  to  go  even  beyond  the 
remark  of  Ferricr :  *  '*  The  nature  of  the  inhibitory  mechanism  ii 
exceedin<^ly  obscure."  We  cannot  be  said  to  have  sufficient  grounds 
for  assuming  the  existence  of  any  such  fpecrfic  mechanism.  In 
general,  ner\*e-eom motions  modify  each  other  within  the  central 
orgiuis  :  they  either  facilitate  and  increase,  or  inhibit  and  diminish, 
each  other  s  effect,  according  to  the  structure  and  functions  of  the 
organs,  the  amount  and  kind  of  stimulus  thrown  in  upon  them  from 
without,  and  the  exact  condition  in  which  this  stimulus  finds  them. 
The  inhibition  of  the  cord  by  the  brain  is,  then,  only  a  special  case 
under  the  general  molecular  theory  of  the  nervous  mechanism. 
The  factors  entering  into  every  such  case  will  very  likely  always 
prove  too  varied  and  complex  to  be  analyzed  with  complete  succes& 

^  14.  On  passing  from  the  spinal  cord  into  the  brain,  the  diffi- 
culty of  defining  the  sixicifie  functions — whether  automatic  or  re- 
flex— of  the  different  central  organs  becomes  greatly  increased. 
The  phenomena  are  vastly  more  complicated,  and  the  methods  of 
analyzing  them  expcrimentxUly  much  less  readily  applied.      The 

>  Ui'ber  d.  Ilemmungsmechanicimen  f.  d.  Refleztli&tigkeit  im  Gehim  d. 
Frosches,  Ik'rlin.  1863 ;  and  otlier  pap<*r8. 

'  FinictioDs  of  tho  Brain,  LondoD,  1876,  p.  18,  where  he  refers  to  the 
elaborate  paper  on  iDhibition  in  the  West  Hiding  BeporU,  vol.  iv.,  bj  Dr.  L. 
Brunton. 
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mfiBX  portJODa  of  the  netroua  subatanoc,  in  reapect  both 

*  ftO()  to  fnncJiou,  nro  most  ooinplptfily  withdrawn  from 

iCatrictlj^  «cieiitili<!  motbuils  of  retieurch.     Wliat  is  known, 

r.  of  tbe  AQatoinioa]  structure  aiid  couneotious  of  the  ilif- 

IfcVBt  orgwu  of  tb«  bmiii,  And  of  the  paths  nlon^  which  the  ner- 

«a(M  iiBpiilaea  htm  (irojiagate^]  hi^twei'u  them,  preiuirca  the  wny  for 

fhs  man  apwiBc  pliysiolot^y  of  eooh  organ.     The  uethotb  of  such 

J  nwcarch  nro  Id  general  tlioHo  twi :  Uhsrrvntion  of  the 

t  wbieli  follow  tba  ft[>]>lica1ion  of  Htiiuulus  to  l'ilcIi  of  tin-  en- 

I,  or  to  any  defiuilo  locality  iu  each ;  and  ob8or?ation 

of  tfa*  raanlu  which  follow  the  totnl  extirpation  or  lesion  of  theae 

mgna,    or  of  aay    portiou   of   noch.     Of  iMurat;,    both  of  Uie«e 

■athods  vit  aliDoat  wholly  applicable  only  to  the  lower  auiiuala. 

h  OBiiK  iho  molbiHl  of  Htim Illation,   the  fttimiilua  cnunot  be  np- 

ptiad   to   the   iiMvouH  aubutaucti  of  tliu  bruin  without  ri  i-erUin 

mooat  of  iDJary  (o  that  substance.    To  stimulate  any  of  the  cranial 

qyuM  with  |uvci«iun  llit-y  must  l>c  oxposetl ;  those  that  lie  deepest 

oBBOt  he  eipiMeil  without  injury  to  other  organs  and  the  di^uth  of 

Iba  utinaaL     Moreorrr,  it  is  diffiit-nit  precisely  to  circumscrilK)  the 

a  of  iIm  aliraulaa.     Juat  that  tarm  ut  stimulus  which  is 

I  MMivvtuent,   olTpctiTe,  and  fruitful    in   reaulta — uamely.    the 

— w  lialde  to  difTumi  its  direct  cfTrcta  beyond  the 

w^na  whidi  it  i«  i]c«ire>l  to  circunkscribc.    When  no  result  foUOws 

0w  applkjIiiHi  of  tbo  current  to  u  definite  locality  of  Uio  nervous 

■ihilBlii  II.  lii«  failurv  may  bo  dui;  Lri  the  wi-nkiii-sa  of  Iho  stimuhia, 

arlo  tlw  fact  that  this  particular  CLUtre  is  at  the  tnuiueut  iuhib- 

uM  hy  it«  "iniitioij  or  by  tb«t  activity  of  some  connected  centre. 

ffiiati  a  result  •Lm  follow,  it  may  lie  tliat  this  piuitciilar  n^sult  is 

•  to  the  diri^'t  or  indirect  stimulation  of  aome  other  ao-ealled 

L^^Mn^  or  lo  thtf  atimulmt  bitliii)^,  by  dtfliuitoti  or  otherwiw,  some 

atiipUNU  ■enaory  or  motor  nerve-tracts. 

ttoD  may  alao  bo  nijaeil  against  the  nature  of  the  nr(^ument 

h  on  inforvtint  ia  drawn  fn>m  the  foi-ta  gained  by  tlie  sec- 

i  ol  th»  above-men  I  ioiied  methoda     iSucb  orguiiieut  not  only  om- 

•  thai  lb«  aiHtviliea  wliiirh  rrinain,  when  some  of  the  orRona 

't  iIm  tanon  an  partially  «ir   wholly  ilontroycil,  belong  to  tliom 

a  tkat  mnain,  but  alao  that  those  activities  which  have  dis- 

I  biloog  t4)  the  orgaiH  that  hare  iliMppntu^L     lluth  of 

■^  aanMptioiM  are,  however,  doubtful,  wheu  wu  couin  to  apply 

l^a  k>  tha  organs  in   lli^ir  normal  condition  and  ironne^-tions 

9im  tka  action  uf  natural  rtiuiuli ;  the  tatt4'r  of  tlit>  two  is  partio- 

<M;  4anbtfnL    In  a  wonl,  the  dUTercut  inccbauiimis  ot  the  human 

^ni^  ■■  tliair  uormol  ooaiUllaa  anil  ralatioua,  constitute  on  In- 
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ter-dependent  and  intimately  related  system  ;  what  each  so-called 
organ  or  centre  does,  or  can  do,  depends  not  only  upon  its  own 
structure  and  condition  at  the  time,  but  also  upon  the  condition 
and  behavior  of  the  other  organs  and  centres  at  the  same  time. 
Such  interdependence  extends  not  only  to  those  divisions  which 
gross  anatomy  can  mark  off  and  consider  under  the  name  ''the 
organs  of  the  brain,"  nor  simply  to  those  minuter  subdivisions 
which  histology  can  distinguish  by  aid  of  the  microscope  ;  it  doubt- 
less also  extends  to  the  lost  details  of  that  molecular  mechanism 
which  the  brain-substance  is.  These  details  are  different  for 
every  individual  animal,  and  for  every  individual  case.  Specific 
differences  belonging  to  the  different  species  of  animal  life,  as  well 
as  those  idiosyncrasies  with  which  pathology  is  famiHar,  must  alike 
be  recognized.  It  is  by  no  means  strange,  then,  that  the  physi- 
ology of  the  brain  is  able  only  very  slowly  and  imperfectly  to  win 
from  nature  the  truth,  and  to  remove  the  reproach  of  apparently 
conflicting  facts. 

In  spite  of  the  above-mentioned  difficulties  certain  results  may 
be  claimed  as  resting  upon  more  or  less  of  clear  evidence  regard- 
ing the  specific  automatic  and  reflex-motor  functions  of  those  inter- 
craniol  organs  that  lie  inferior  to  the  cerebral  hemispheres.  The 
case  of  these  hemispheres  themselves  will  be  subsequently  consid- 
ered in  detail.  For  they  are  those  portions  of  the  nervous  mechan- 
ism about  the  immediate  correlation  of  which  with  the  phenomena 
of  consciousness  there  can  be  no  doubt  Since  we  are  now  con- 
sidering the  nervous  system  and  its  central  organs  merely  as  a 
physiced  mechanism,  we  definitely  rule  out,  as  far  as  possible,  all 
allusion  to  any  special  relation  between  it  and  the  phenomena  of 
self-conscious  mind. 

§  15.  Besides  the  spinal  cord,  the  Medulla  Oblongata  is  the  cen- 
tral organ  concerning  whose  automatic  and  reflex-motor  functions 
the  largest  amount  of  precise  information  exists.  The  reflex-motor 
functions  of  this  organ  are  more  intricate  and  of  a  higher  order 
than  those  belonging  primarily  to  the  cord.  They  are  especially 
such  as  stand  related  to  the  vital  functions  of  the  heart  and  blood- 
vessels ;  to  respiration  and  its  allied  movements  of  the  organs  in 
coughing  and  sneezing,  etc. ;  to  the  movements  of  the  muscles  in 
swallowing  and  vomiting ;  to  the  mimetic  movements  of  laughing; 
weeping,  etc.  Among  the  different  movements  in  the  execution  of 
which  the  medulla  oblongata  is  concerned,  some  are  more  purely 
reflex  and  some  less  so.  Thus  one  cannot  swallow  if  the  sen- 
sory tracts  from  the  throat  to  this  central  organ  are  broken ;  but 
the  movements  of  the  heart  and  lungs  continue  after  the  reflex- 
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motor  paths  to  them  are  deBtrojed     Sensory  stimulations  of  the 
medulla  oblongata,  as  a  rule,  occasion  reflex  movements  by  second- 
ary stimulation  of  a  number  of  motor  tracts.    Swallowing,  sneezing, 
coughing,  shedding  of  tears,  changes  in  respiration  and  in  the 
moTements  of  the  heart,  contortions  of  the  countenance,  may  all 
be  occasioned,  through  the  mediation  of  this  organ,  by  one  and  the 
fiame  sensory  impulse.     There  is  also  a  marked  difference  in  the 
extent  of  the  domain  over  which  the  motor  results  of  stimulating 
the  different  sensory  paths  connected   with  the  medulla  spread 
iJiemselves.     Stimulation  of  the  optic  nerve  occasions  only  veiy 
limited  reflex  movements,  such  as  the  winking  of  the  eyes,  the  se- 
cretion of  a  few  tears,  and  a  slight  tendency  to  sneeze.     Stimula- 
lion  of  the  nerves  of  taste  extends  over  a  wider  area  of  motor 
'tracts  ;  that  of  the  palate  and  larynx  still  wider. 

§  16.  The  most  important  reflex  centres  of  the  medulla  oblon- 
gata are  also  automatic ;  of  such  centres    he  chief  are  those  con- 
xiected  with  breathing,  the  movements  of  the  heart,  and  the  inner- 
ovation  of  the  blood-vessels.     The  excitation  in  these  cases  must  be 
^3onsidered  as  a  neural  process  arising  within  the  central  organ 
:£t8elt     The  cause  of  its  origin  is  doubtless  to  be  found  in  the 
changes  that  occur  in  the  supply  and  character  of  the  blood.     Not 
^Dnlj  all  abnormal  conditions  of  respiration,  like  dyspnoea  and 
^pncea,  but  also  the  rhythm  of  normal  respiration,  are  dependent 
^%ipon  the  changing  condition  of  the  blood  with  respect  to  its  more 
or  less  perfect  oxidation.    The  stimulus  to  action  of  the  respiratory 
centre  in  the  medulla,  from  the  condition  of  the  blood,  may  be  in 
jDart  reflexly  applied  through  the  peripheral  ends  of  the  afferent 
Xaerves  in  various  parts  of  the  body  ;  but  the  main  effect  is  doubt- 
Xess  produced  by  the  direct  action  of  the  blood  on  this  centre.     Its 
i-bythmic  nervous  action  may  then  very  well  be  dependent  upon  the 
:irbythmic  action  of  the  lungs,  and  upon  the  resultinj^  periodic  re- 
<::»xidation  of  the  blood.     For  the  nervous  substance  of  the  medulla 
<z>blongata  seems  to  be  peculiarly  susceptible  to  the  condition  of 
"tlie  blood. 

§  17.  This  small  central  organ  into  which  the  spinal  cord  ex- 
;^>ands  on   entering   the   skull   may  then   be   said   to   be   thickly 
Towded  with  reflex  and  automatic  centres.     To  speak  of  the  more 
portant  will  best  serve  to  exhibit  what  is  known  of  its  mech- 
Tiism. 
The  respiratory  centre  was  first  located  by  Flourens  in  that  part 
the  medulla  oblongata  which  serves  as  the  place  of  origin  for 
"ti^he  vagus  nerve,  and  then  more  definitely  in  the   V-shaped  apex 
^f  the  fourth  ventricle,  or  beak  of  the  calamus  saiptorius.     Since 
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extirpatioii  or  injury  of  this  small  portion  of  the  nerrons  sab- 
stance,  when  all  other  parts  of  the  body  are  left  intact,  causes 
immediate  and  final  cessation  of  respiration,  Flourens  called  it  the 
**  vital  knot "  (nceud  vital),  Foster  *  locates  this  centre  below  the 
vaso-motor  centre,  and  between  it  and  the  calamus  scriptorius. 
Schiff  concludes  that  it  is  double,  and  lies  on  either  side  in  the 
region  of  the  anterior  part  of  the  ala  cinerea  ;  the  function  of  each 
side,  he  thinks,  is  se]>arate.  In  case  of  need  it  may  be  shifted 
slighUy  backward  toward  the  spinal  cord.  The  efforts  of  Gierke ' 
to  fix  it  in  a  definite  group  of  gangUon-cells  were  not  successful 
With  this  same  centre  all  the  modifications  of  respiration  in  sigh- 
ing, sobbing,  yawning,  crying,  laughing,  coughing,  sneezing,  and 
hiccoughing  are  connected. 

A  nervous  centre  intimately  connected  with  the  vaso-motor  sys- 
tem of  the  different  parts  of  the  body  exists  in  the  middle  part  of 
the  medulla  oblongata.  Since  we  cannot  examine  experimentally 
the  effect  upon  the  action  of  this  centre  which  would  be  produced 
by  severing  all  the  afferent  nerves  that  lead  into  it,  we  cannot 
demonstrate  directly  how  much  of  its  action  is  automatic,  how 
much  reflex.  It  is  probably  both  automatic  and  reflex.  But  the 
removal  of  the  parts  in  front  of  the  medulla,  inclusive  of  the  cor- 
poni  quadri;::omina,  exercises  no  perceptible  influence  on  the  blood- 
pressure.  The  princiivd  vaso- motor  centres  in  tiie  brain  are  then 
fouuil  iu  this  }x>rtiou  of  the  meilulla  oblongata.  Through  it  reflex 
motions  arc*  called  forth  of  the  most  different  kinils,  and  involving 
muscles  widely  sei^arateil  from  each  other  and  from  the  region  of  the 
skin  whore  th«  stimulus  is  applieil.  Witness  the  effect  of  a  draught 
of  air  ujHMi  the  circulation  of  the  blood.  The  arteries  of  a  rabbit's 
enr  can  bo  m.-ulc  to  contract  by  stimulating  any  one  of  more  than  a 
hiilf-ilozon  ilitYorent  sensory  nerves,  including  the  sciatic  plexus.  In 
this  samo  ooutral  organ  must  be  located  the  so-called  cardio-inhib- 
itory  ooutre.  In  c;ises  where  the  heart  is  stopped  by  sudden  and 
groat  oinotion.  tn*  by  severe  pain,  the  stimulus  probably  reaches  the 
inotlulla  fit>in  tlio  hoinisphoros  of  the  brain. 

Tho  oontro  of  tltyh(tition  lies  in  the  medulla  higher  up  than  that 
of  roMpirjition.  If  this  part  of  the  organ  be  destroyed,  swallowing 
iH  iinjxmHiblo.  Tiiis  centre  has  been  located  in  the  floor  of  the 
fourth  v«'utnolo.  In  tho  l^oor  of  the  same  ventricle,  and  in  the 
inljt>ininj*  roj;:ion.  are  pn^bably  U>cateil  centres  for  different  secre- 
tiiuiH  as,  for  (^xainplo,  of  spittle,  or  sweat,  of  tears,  and  possibly 
of  tho  punoivatio  and  other  digestive  juices.     The  connection  of 

'  Toxt-UiHik  of  Physiologr,  p.  87a 
■  8w  rilugvr'a  .\rchiT,  vll,  pp.  588  it 
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TariotiB  sensations  and  emotions  with  these  secretions  is  too  famil- 
iar to  need  description.  A  central  mechanism  for  winking  the 
eyes  Exner  would  place  near  the  beak  of  the  calamus  scriptorius. 
The  central  mechanism  for  the  reflex  movement  of  the  muscles  of 
the  oesophagus  and  stomach  also  lies  in  the  medulla  oblongata.  Of 
the  centre  for  the  production  of  artificial  diabetes,  and  of  other 
more  conjectural  centres  which  are  packed  within  this  small  bit 
of  nervous  matter,  scarcely  more  than  an  inch  in  length,  we  do  not 
need  to  speak. 

§  18.  The  alleged  functions  of  the  medulla  oblongata  in  the  co- 
ordination of  the  movements  of  the  skeletal  muscles  ally  this  organ 
more  closely  with  certain  other  inferior  parts  of  the  brain.     The 
preparation  of  a  frog  which  has  retained  this  organ,  in  addition  to 
the  spinal  cord,  although  without  any  of  the  rest  of  the  brain,  will 
execute  movements  of  the  muscles  that  are  not  possible  for  the  cord 
slona     It  will  not,  indeed,  move  spontaneously ;  it  still  requires 
external  stimulation  to  start  the  mechanism  of  such  a  preparation. 
Tinder  such  stimulation,  however,  it  will  assume  a  position  natural 
to  it  in  an  uninjured  state.     When  laid  on  its  back  it  will  make 
efforts — generally  unsuccessful — to  turn  over.     The  movements  of 
the  limbs  with  which  it  responds  to  various  sensory  impulses  are 
more  complicated  than  those  executed  by  the  spinal  cord  alone  ; 
they  even  resemble  crawling  motions  or  short  leaps.    Placed  in  the 
water,  what  is  left  of  the  animal  will  swim  ;  and  if  its  motions  are 
less  perfect  than  those  of  the  perfect  frog,  they  are  much  more  so 
than  those  of  the  cord  alone.     It  is  doubtful  whether,  when  placed 
beneath  the  water,  it  will  ascend  to  the  surface  to  breathe,  or 
make  efforts  to  escape  from  water  gradually  heated  to  about  104 '" 
Fahr., — as  will  the  animal  that  retains  its  cerebellum  and  optic 
lobea 

Reflex  movements  of  considerable  complexity  can  also  be  exe- 
cuted by  mammals  that  have  been  deprived  of  all  the  encephalic 
centres  above  the  medulla.  Vulpian  claims  that  a  young  rat  in 
this  condition  will  emit  a  cry,  as  of  pain,  when  its  toes  arc  pinched. 
Such  a  mechanism  will  swallow  and  execute  certain  co-ordinated 
movements  of  the  limbs.  Infants  whose  nervous  centres  above  the 
medulla  are  undeveloped  will  perform  the  associated  movements 
of  sucking  when  put  to  the  breast.  Moreover,  the  effects  of  le- 
sion of  the  centres  of  the  medulla  are  very  marked  in  respect  to  the 
co-ordination  of  motion.  Rolando  observed  that  convulsive  move- 
ments followed  extensive  injury  of  this  central  organ.  More  recent 
researches  seem  to  show  that  the  seat  of  these  epileptiform  move- 
ments is  at  the  place  of  union  between  the  medulla  and  the  pons  ; 
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it  can,  therefore,  scarcely  be  located  in  either  alone.'  One-sided 
lesions  are  followed  by  certain  so-called  "  forced  "  and  rotary  move- 
ments of  the  head,  and  eyes,  and  trunk.  Such  effects  are  most 
likely  to  be  produced  when  the  injury  affects  the  region  of  the 
iuberculum  acusticum.  In  the  opinion  of  Bechterew'  the  olivary 
bodies  are  in  relation  with  the  gray  matter  of  the  third  ventricle, 
and  with  the  semicircular  canals,  as  central  organs  for  the  co-or- 
dination of  the  muscles  used  in  balancing  according  to  impressions 
of  touch.  It  would  then  be  one  chief  function  of  the  medulla  to 
secure  equipoise  through  these  sensory  impressions.  On  the 
whole,  it  appears  certain  that  considerable  work  in  co-ordinating 
the  muscular  movements  falls  upon  its  mechanisms.  Of  such  work 
it  is  probable  that  the  movements  concerned  in  articulate  speech 
are  a  part  Any  indirect  relation  which  it  may  have  to  the  produc- 
tion of  those  sensations  and  images  which  are  woven  into  our 
dreams  does  not  belong  in  this  connection. 

§19.  The  associations  among  the  different  centres  of  the  me- 
dulla oblongata  are  curious  enough ;  they  involve  an  extremely 
intricate  physiological  apparatus.  Some  of  these  centres  are  in- 
directly connected  with  psychical  activities.  They  are  not  all  alike 
excitable ;  they  are  not  all  voluntarily  so.  Thus  we  can  volun- 
tarily control,  within  certain  limits,  the  movements  of  the  lungs, 
but  not  those  of  the  heart  and  blood-vessels  ;  we  can  cough,  but 
cannot  sneeze,  at  will.  Some  of  their  functions  are  associated 
together  regularly  ;  some  of  them  seldom  ;  some  never.  Swallow- 
ing is  not  necessarily  connected  with  the  activity  of  the  other  cen- 
tres, unless  it  be  with  that  for  the  secretion  of  saliva ;  it  takes 
place,  however,  during  arrest  of  respiration.  The  excitation  of  no 
other  centre  necessarily  affects  this  centre.  The  secretion  of  saliva 
is  constantly  connected  with  a  change  in  the  circulation  through 
the  submaxillar}'  glands. 

§  20.  An  animal  which  possesses  all,  or  a  considerable  part  of 
the  otlier  nervous  mechanisms  of  the  brain  that  He  below  the  cere- 
bral hemispheres  is  capable  of  executing  movements  which  differ 
greatly  from  those  already  described  as  belonging  to  the  spinal 
conl  and  medulla  oblongata  Very  few  of  the  movements  of  such 
a  preiMiration  arc,  indeed,  even  apparently  spontaneous;  for  al- 
most all  of  them  a  definite  form  and  degree  of  stimulus  acting  on 
the  sensory  surfaces  can  be  assigned.  We  are  inclined,  then,  to  sus- 
pect that  those  movements  which  are  apparently  spontaneous  are 
really  due  to  some  stimulation  from  without  the  central  organs 

*Se«  Eckhanl,  in  Hermann,  Handb.  d.  Phvsiol.,  II.,  ii.,  p.  98. 
*Plil\gertt  Arvhiv,  xxxi.  pp.  479  ff.,  and  xxix.,  p.  2581 
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h  bas  cwpwl  our  obaeirntion.  But  the  maffe  of  roflex-motor 
I  wliicfa  AD  auinud  doprived  simpiv  of  its  cerebral  henii- 
I  wiH  mwcate.  in  response  to  iipproprifttf  stimwli.  is  very 
;  it  mmy  bt  atid  tn  include  everr  form  of  movement  possible 
far  llw  tttiiujantd  auinuL  Tlio  Blntt'iuent  is,  therefure,  wnmuited 
hf  an  oar  knnwliNlg*  of  the  facta  iliat  the  ruedulln,  pons,  crutn 
«H«bri,  eerebelluin,  oiqmnt  (^uiiilrigeminn  (or  optic  lobes),  and 
bl^  gangliK  f^DenUy  are  tbe  special  in^i-luitiiHm  fur  n>ortli- 
Mttoff  Due  movemeDta  of  the  muBcIea  with  tbe  vai-ioua  impulses  of 

A  Irog  firm  which  the  cerebral  lobes  have  been  retnuvcd  will 
tm^md  ta  i^^tmprialv  fitimuli  witli  all  tlie  movements  of  which  a 
pfflprt  (ng  ia  el^wbll•.  II  will  Mwim,  lenp,  nnd  crawl.  When 
plaBsd  OB  ita  bodt,  it  will  tnuilv  nnd  at  once  retain  its  natural  poei- 
litm.  When  placed  on  a  tilting  bonril,  it  will  constantly  adjust 
iIm  poaitinti  of  its  ImkIt  bo  aa  Ij>  maintain  an  etiuiHbrium.  It  will 
oraak  with  tbe  ragtitanty  of  a  music-box  when  its  fiauks  are  gently 
ttnAvd.  Thnjwn  inln  iho  wilIlt  it  will  nwim  with  great  regulnrity 
rf  notion  until  it  it  eibausteil  or  Andn  sotuethiug — as  n  small  piece 
d  wood  plartwl  in  (nnlacl  with  it — npon  which  it  can  crawl.  When 
Mbtoer^pffl  in  liie  water,  it  will  riae  to  the  surface  for  nir ;  it  will 
■at.  Ukt)  ■  iitvn>  fpinal  cunl,  remain  quietly  in  wat^r  the  teroitfer- 
■tar*  of  which  ta  gradually  raiaed,  bat  will  make  violent  efforts  to 
tsHpe.  It  ia  guided  by  the  lii;lit.  for  it  avoids  objects  that  cast  a 
Unag  sltMlow.  On  the  other  han<I.  it  appears  stupid ;  it  pH\-H  uo 
•ttoBtanti  to  t}>e  lliea  that  on  pluc<!d  near  il ;  by  careful  exclusion 
M  aO  itirauU  it'  may  be  kept  motiouleiia  for  hours.  Wo  cannot 
■fiH  fnta  thiis  bowrvrr,  that  it  is  without  mnaationa,  for  it  may 
aot  b«  haogiy  ;  and  Heubel '  aaacrtu  that  a  Knimd  fmg  mny,  with 
'      Nt.  bo  made  to  lie  still  upon  its  Itock  for  a  long 

r  iu  the  case  of  the  niammol  whose  c«re> 

I  bwn  remorcil.      The  rabbit  or  rnt   t^us 

1111  nnd  leap.     Ilnced  on  its  back. 

It  ila  hct     It  will  follow  vitli  ita  head  n  bright  light 

tatU:  H  will  aUrt  ati<l  tnmible.  or  run.  at  a  ahrill  or 

It  wiD  utter  a  prv>luu(^  cry  when  pinched.     Its  mufr 

•  a>«  obviiiaaly  co-unlinateil  in  respimsii  to  HoniKiry 

D  tba  OTfrana  of  touch,  bi^ariug,  and  sight.     Tbe  binl 

1  npoa  will  eaaOy  regain  its  feet  when  hud  upon  ita 

•I*  ur  fasflk,  ui4  will  vtand  in  a  natnrnl  and  easy  poaturc     It  will 

^"^  ita  bead  mder  ita  wtnga,  eleao  ita  fmtbcrs,  nnd  pick  up  oom 

>  na«ar'i  Arehiv.  air.,  pp  tea  ff. 
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or  drink  water  presented  to  its  beak.  Thrown  into  the  air,  it  will 
fly  with  considerable  precision  for  some  distance,  and  in  its  flight 
will  guide  itself,  though  imperfectly,  so  as  to  avoid  obstacles  in  its 
way.  It  will  start  at  sharp  sounds  or  flashes  of  light  Such  ani- 
mals have  on  the  whole  the  appearance  of  being  sleepy  and  stupid 
rather  than  of  being  deprived  of  any  of  their  powers  for  co-ordi- 
nating sensation  and  motion.  We  conclude,  then,  that  the  organs 
which  such  animals  possess  are  functionally  capable  of  exercising 
all  these  powers  of  co-ordination ;  we  do  not  at  present  raise  the 
question  whether  this  implies  the  existence  of  psychical  phenomena 
or  not.  The  phenomena  which  follow  the  partial  loss  of  the  cere- 
bral hemispheres  in  the  higher  mammals  confirm  the  same  condn- 
sion. 

It  is  much  more  difficult,  however,  to  assign  the  special  place 
which  belongs  to  each  of  the  organs  that  lie  between  the  medulla 
oblongata  and  the  cerebi'al  hemispheres,  under  their  general  func- 
tion as  already  stated.  They  are  all  very  intimately  related  ;  act 
to  a  large  extent  dependently  ;  can,  within  certain  limits,  assume 
each  other's  functions ;  and  have  largely  the  same  connections  with 
the  peripheral  organs  of  sense  and  of  motion,  and  the  same  work 
to  do  as  mediating  between  the  two. 

§  21.  It  is  impossible  to  determine  the  special  functions  of  the 
Cerebellum,  so  conflicting  is  the  testimony  of  different  experiment- 
ers. A  high  degree  of  probability,  however,  attaches  itself  to  the 
statement  that  this  organ  is  largely  concerned  in  the  co-ordination 
of  motion  ;  although  such  statement  cannot  be  held  to  exhaust  its 
functions.  The  more  specific  theory  of  Wundt ' — "It  is  the  central 
organ  that  brings  such  movements  of  the  animal's  body  as  ai'e  ex- 
cited by  impulses  from  the  cerebrum,  into  accord  with  its  situation 
as  a  whole  in  space" — is  more  doubtful,  precisely  because  it  is 
more  specific.  Comparative  anatomy  seems  to  show  that  the  office 
of  the  cerebellum  in  some  animals  differs  from  its  office  in  man  ; 
reasoning  from  tlie  former  to  the  latter  is,  therefore,  especially  pre- 
carious. Moreover,  its  functions  are  so  closely  connected  anatom- 
ically with  those  of  the  pons,  the  crura  cerebri,  and  the  medulla, 
that  it  is  difficult  precisely  to  separate  its  work  from  that  done  by 
these  organs. 

Testimony  as  to  the  result  of  the  extirpation  or  lesion  of  the  cere- 
bellum is  very  conflicting.  Apparently  almost  the  entire  length 
and  breadth  of  its  surface  (in  the  direction  of  the  posterior  bones 
of  the  skull),  and  not  only  the  gray  matter,  but  also  the  white,  as 
far  as  near  the  bifurcation  of  its  strands,  may  be  removed  without 
^Gnindziige  d.  phjsiologisohe  Psychologie,  L,  p.  201. 
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lit'    Od  approaching  the  mulr)!?  of  ita  thick- 

d  miicmDt;  the  BtranJa  couoectoil  with  tbe  iiiiiMle  jwidtiticlea. 

«  M  motion  liegin  &od  increase  rapidly  in  |iro[H)rtiou  to 

t  <ir  •alialuKfi  roiuovtd.     Most  of  tlicse  disturbtuit^es,  if 

th<>  miimil  recQvew  wtJL  prove  to  l>e  oiily  tenipororj- ;  thoj-  arf-, 

'■i^Tifars,  probabij  due  larReiy  to  tmiimatic  excitation,    PemiBnent 

iiaturtnacw^  liow«nr,   occur  wlion  the  injuries  reach  the  loivcr 

-liiid  ti(lbcorsati.or«beo  theyarv  coiifiueil  to  this  third.    Vulpion 

w^ncdiiBglr  BoodiMlea  tint  the  diaturbauce  of  •;aiL  which  results 

inMm  iDJuiy  of  Um  cerobftlhtni,  i*  duo  to  the  irritiition  of  its  more 

praCond  irttile  paits  or  of  tho  adjoiuuig  cerebral  iHtlimuR.     But 

>Kbiff  bdwTea  thai  the  mnss  of  the  organ,  npnrt  from  lueoiity,  has 

a  Jrfailc  tnflacBee  upoD  thri  co^mliuation  of  the  tKHlily  movements  ; 

tooa^  mimt  that  toflueuM  is  cannot  yet  l>e  cJenrly  defined.     The 

lain  in  Hi  of  loctlit;  iwenis  to  bo  considerable  upon  the  effect  which 

foalto  fhNB  Umou*  io  ■  |[iven  nniount  of  the  cerebellar  substance  ; 

h«t  MM*  tbia  iofluenoe  is  much  more  marked  near  the  connections 

«(  tka  carabeUnm  with  other  contiguous  organs,  some  obserrcrs 

iBrflwito  it  luQvly  or  whollj'  to  the  injury- — by  extension  of  the 

haiam,  I?  pmman,  or  by  ioflanunstioa — of  theae  oi-gaiis.     Thus 

lbs  fiact  of  iU  ubion  witli  the  medulln  oblongata  and  the  regions 

iMi  IIh  enim  eoebri  an  eBiieruUy  imi>ortaut.    But  ScliifT  found. 

■  npthmaDting  upon  Biumuals,  that  complete  vertical  nection  of 

A*  imbeDum,  in  tha  exact  median  linn  of  the  vermiform  process, 

■4  rvaoral  with  Ibe  kDlfe  nr  pincers  of  the  entire  itubetaiicn,  with 

tWtSNptkMi  nf  tfaa  fiocouli  and  the  parts  oitrmal  to  the  peduncles, 

foduMl  no  appra<iiablo  loaa  of  Iho  jtowcr  of  ro>ordi nation. 

^  Wfect  of  on^iidtd  loeions  of  the  cerebellum  in  thu  disturb- 
■*  of  notiou  BMma  to  be,  ns  n  rule,  much  more  certain  and 
■■W  tkaa  tlwt  of  QraunotricBl  Irsions  uf  lK)th  nidi's.  Schiff.  in- 
^^•aaftathsi  when  a  bilateral  lesion  is  perfectly  symmetrical 
*plJmjia  na  impuroant  whuti^vrr  of  the  functions  of  motion. 
^Ui  tntiiv  «TideDcc  from  expcrimoiit  showa  that  suddrn  lesion 
*'  ^  bMMa|)h«ra  of  this  or^an  is  almost  uniformly  followed  by 
tlttii  iMkpocarjr  impainaent  of  the  mol'tr  fnnctiona  Section  of 
***i4illa  padnneki  of  the  eerebellum  of  a  bird  or  mammal  almost 
*^y« nrrarinaia  ■o-«aila>l  "(oroei)  "  morcmeuts  :  the  animal  rolla 
^^A  it*  own  lOBgitodiaal  axaa,  generally,  thoiigli  not  inTariably, 
*^Bi  the  isjurcd  aide.  SyUogmtu,  or  the  ])caultar  rolling  moTo- 
^*  ol  (]»  ^M  aoggMtlTs  of  Tertigo,  and  ttraJMmu*,  take  place 

J^l**  I'stplsa,  Iiafon*  nr  b  FhrtlolAgt*,  ata,  pp.  009  S.-,  EokUinl,  !a 
J  ^««a.  bailb  4.  PbTvlul.  It.ll.pp  Kd  S.;  8«ht(t,  m  rfla««r^  Archtv. , 
^H  ***-.»  «n  a.  and  rwikr.FuMlloH«rih*BralD,  v»  8&-1M- 
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in  such  cases.  One  eye  may  be  moved  inward  and  downward,  the 
other  outward  and  upward.  Hitzig  *  and  Ferrier '  found  the  same 
results  to  follow  injury  of  the  lateral  lobe.  The  latter  observed  that 
strong  stimulation  of  the  cerebellar  surface  with  the  interrupted 
current  causes  associated  movements  of  the  eyes  and  head  and 
limbs,  in  cats  and  dogs  and  monkeya  But  these  effects  may 
be  largely  due  to  the  connection  of  the  cerebellum  with  the  me- 
dulla oblongata. 

The  evidence  from  pathological  cases  in  man  conflicts,  to  a  con- 
siderable extent,  with  the  conclusions  which  we  might  hasten  to 
derive  from  experiment  upon  the  animals.  According  to  Vulpian  * 
it  is  by  no  means  rare  to  have  unilateral  lesions  of  the  cerebellum 
followed  by  no  paralysis  of  either  side.  In  a  great  number  of  such 
cases  no  genuine  hemiplegia  results ;  the  resulting  enfeeblement  of 
motion,  moreover,  is  as  often  on  the  same  as  on  the  opposite  side. 
IVL  Andral  is  said  to  have  made  a  collection  of  ninety-three  cases 
of  diseases  of  the  cerebellum,  in  only  one  of  which  ataxy  was  ob- 
served in  any  marked  way.  In  most  cases  where  crossed  hemi- 
plegia does  result,  Vulpian  thinks  it  due  to  the  destruction  or 
compression  of  the  adjacent  parts,  especially  the  roots  of  the  cere- 
bellar peduncles.  The  same  authority  denies  that  the  superficial 
parts  of  this  organ  ore  excitable,  or  that  lesion  of  them  is  followed 
by  pain  or  by  convulsions  of  the  body,  face,  or  eyes.  Such  results 
do,  however,  follow  excitation  and  lesion  of  its  deeper  parts,  in 
proportion  to  the  degree  of  approach  to  the  peduncles.  The  dis- 
crepancy between  experiment  and  pathology  may  perhaps  be  re- 
moved, at  least  in  part,  by  remembering  that  the  injury  is  sudden 
in  the  one  case  and  not  in  the  other.  Moreover,  few  of  the  patho- 
logical cases  are  cleai*ly  enough  defined  to  serve  as  a  sure  basis  for 
conclusions.  Some  of  them,  however,  would  seem  to  warrant  cer- 
tain inferences.  More  than  fiftv  vears  since,  the  well-known  case  of 
the  girl  Alexandrine  Labrosse  was  reported  by  Combette,*  and  after- 
ward made  known  to  students  of  physiology  generally  by  Longet.' 
This  girl  was  found,  on  />c>^/  mortem,  to  have  no  cerebellum ;  in  its 
stead  was  a  gelatinous  membrane  attached  to  the  meduUa  by  two 
peilunoles  of  Hko  construction.  A  true  pons  was  also  wanting,  but 
no  Uv!is  of  substance  seemeil  to  have  taken  place  here.  Yet  she 
could  c<.>-oi\linato  all  the  limbs  voluntarilv,  and  had  the  full  use  of 

*  Vnter*nohunj:\»u  uWr  d.  Gehirn,  pjv.  lOS  fit. 

*  FuuotivMis  v^f  tho  Urmhi,  p.  100  f. 

*  l^SVW5  sur  U  rh v»ioK>:it\  <*tc. ,  jw  ^^7  f. 

*  R*vm»  moaio«w/lL,  p.  57  vli^SlV 

*  Aiutomic  ot  rhy«iolo^i«  du  Sr9tem«  nerr^ax,  I.,  p.  764  (1842). 
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,  boirever,  siilijnct  to  fnJling  (w  ttuvait 
I  tnip^rfnTtl^V'  llouillauil  liait  iiportiHl 
e  entire  cerebellum  was  clianged  into 
;  Ulis  patient  couU  nnlk.  tliough  in  n  tot- 
j  wnr.  Vtilpinii '  also  ilescribus  u  cmc  wliich 
mm»  oodor  but  own  olmcrratiou.  A  wouuui,  ilyiug  at  tie  age  of 
ndy-Bine,  altmr  t.weuly  jeara  in  tbo  hoapital  of  Ia  Salpi'tritre,  waa 
taaad  tn  ham  mitTiTrw)  lui  cDtiro  atrophy  iif  nil  tlic  vorticnl  gmy 
«at»tanre  of  Ui*  cKtrebeUum.  Tliiti  patient  |>n!iK'rvi.-J  great  miiiM!u- 
Itr  nfpx.  anil  coukl  co-onliDat«  all  the  niuscles ;  but  lior  "locomo- 
ticMi  "  waa  diaordnrKl  and  diffit^iilt 

On  the  whcila,  Ibeu,  it  inuKt  Iw  admitted  that  the  eridence  con- 
«niii(  lh«  BpnTtfic  faiictions  af  the  cerolxllnm  of  iDAtnmalH.  and 
•^■eisll;  of  nan,  ia  nut  Buch  as  to  wnrraut  im  iu  tunkiiig  definite 
iMiliialiiiiii  Soarcely  a  ODRle  case  can  be  adduced  in  nbicb  it 
ii  Bot  ptMublc  to  tnaintaiti  that  tlie  motor  dUliirbnucxs  which  fol- 
lowvd  loaioa  or  excitation  of  this  organ  sliuuld  bti  ascrilx'd  to  an 
t  upon  fWDti^oua  organa.  Yet  the  coiucident^e  of 
a  frofD  a»*Tral  diffcrctit  lines  gives  mtllideDt  support  to  the 
rii«  lltat  lb*  hmciiona  o(  the  c«n>bellum  are  in  souiu  wuj  con- 
aactod  with  tbo  baiian«iDg,  and  therefore  «ith  the  precise  and  ae- 
mm  loeomotioD  at  the  body  iji  Jipnco.  More  dcdnildy,  with  rcfor- 
(Bea  to  lb«  twtunt  of  thiu  connection,  it  ia  uut  |>o><(ublo  to  spenlc 
•■■SdkBtly.  No  disturiMuice  of  the  seoaes  of  hearing,  of  eight,  or 
uf  ■wmlar  feoling,  can  ba  nliown  to  follow  injuriea  of  Uiis  organ 
wbar*  otber  parta  of  the  brain  are  not  involved ;  on  the  rontrarr, 
lU  Umm  MBaM  oppaar  lo  have  l>ct<n  prrfect  in  cortiiin  cusce  of  tho 
oDBplala  ■limni  «f  tbia  organ.  Tlie  only  diaturbauce  of  aeuaj- 
WStj  «Ueh  fraqoBDlly  followa  alTectionH  of  the  cerebellum  is  txr- 
i^ ;  tb*  M1B0  ^mptom  can  Iw  produced  by  pniwing  a  current  of 
•iHtrietlj  tbrouffb  tha  back  part  ot  the  head,  or  by  the  effuaiona 
nfUuod  in  tbia  regioD  which  aro  eomolimrs  occnsioiicd  by  alcohol. 
Tnlfn*!)  aiu)  i.thT*  OTw,  howcvrr,  probably  rijj^ht  In  holding  thai 
(  i>  indirectly  to  be  aaeribed  to  thia  organ.  Indeed 
>  '  ■  :  *>-  '  ilT  liu  much  tu  ita  favor ;  tiiia  vivw  mainlaina  that 
'■  iJ<TT?>'.:<  :i  uf  motiiin  duo  to  hauon  ot  tbo  ceretMtlluiu  ahouhl 
■M  l«  caOeJ  a  ]am  of  co-ordination  at  oil.  since  all  tbo  Umba  may 
hi  Bo«a<)  iA  anetljr  tb«  right  nUttons  neccmory  to  carry  tho  body 
W«ul  ew  to  mafaitaia  ita  aquipoiae  :  but  tliu  jiredMan  of  the  mo- 
^tm  ia  BBiMirBd,  haeauaa  tha  nemMia  impulaea  from  tbia  or^an 
tkM  r— HiatL  tba  Mi^bboritig  gronps  of  muaclea  ore  not  rightJy 
■tiMtd  lo  «ch  otliar  io  amavM  along  tho  diflbreot  traut&  Tlia 
'  la^ws  Mr  U  Pbyilologie,  «tc  ,  p.  SW. 
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balance  of  the  innervatmg  cells  is  destroyed ;  and  the  result  is  a 
loss  of  nice  adjustment  of  the  amount  of  innervation  sent  to  the 
particular  muscles  employed  in  equipoise  and  locomotion. 

It  scarcely  need  be  added  that  modem  physiology  distinctly  dis- 
proves the  hypothesis  of  Gall,  who  connected  the  sexual  instinct 
with  the  cerebellum.  There  is  no  good  evidence  that  the  hinder 
brain  directly  participates  in  any  way  in  those  activities  of  the 
nervous  system  which  are  immediately  correlated  with  psychical 
phenomena,  whether  of  emotion,  instinct,  or  intelligence. 

§  22.  The  functions  of  only  three  other  parts  of  the  enoephalon 
require  consideration  in  this  connection  ;  these  are  the  corpora 
quadrigemina,  the  optic  thalami,  and  the  corpora  striata.  The 
crura  cerebri  and  the  pons  Varolii  are,  as  we  have  already  seen, 
significant  chiefly  as  organs  of  conduction.  So  far  as  they  have 
also  the  intermediating  functions  of  central  organs,  it  is  not  possi- 
ble to  treat  of  them  otherwise  than  as  concerned  in  that  general 
reflex-motor  mechanism  which  occupies  all  this  region  of  the  brain. 

§  23.  Experiments  upon  the  Corpora  Quadrigemina  are  rendered 
especially  difficult  by  the  small  size  and  deep  situation  of  these 
organs ;  they  cannot  easily  be  exposed  for  stimulation  without 
great  eflusion  of  blood,  or  subjected  to  lesion  without  extending  the 
injury  to  contiguous  parts.  These  difficulties  render  conclusions 
from  the  effect  of  stimulating  or  extirpating  the  corresponding 
organs  (optic  lobes)  of  the  frog  more  than  usually  precarious. 
There  is  no  doubt,  however,  as  to  some  special  connection  between 
the  corpora  quadrigemina  and  sensory  impulses  of  sight ;  such  con- 
nection is,  then,  of  course,  to  be  extended  to  those  motor  activities 
that  are  dependent  upon  the  sensory  impulses  of  sight.  Flourens 
and  many  subsequent  observers  have  found  that  one-sided  extirpa- 
tion of  the  optic  lobes  of  birds,  or  of  the  corpora  quadrigemina  of 
mammals,  with  the  cerebral  hemispheres  intact,  produces  blindness 
in  the  opposite  eye.  The  amount  of  this  blindness  is  different  in 
different  animals,  as  the  decussation  of  the  fibres  in  the  optic  chi- 
asm is  more  or  less  complete  in  different  animals.  In  the  rabbit 
such  decussation  appears  to  be  complete  ;  in  the  cat  and  dog  in- 
complete. The  fact  that  hemianopsia  in  both  eyes  is  connected 
with  disease  of  one  side  of  the  brain  is  an  evidence  that  it  is  incom- 
plete in  man  also.  Moreover,  when  the  brain  is  removed  in  front 
of  the  corpora  quadrigemina,  and  these  organs  left  intact,  the  ani- 
mal can  still  guide  and  co-ordinate  its  motions  in  response  to  visual 
impulses.  (We  do  not  in  this  place  consider  whether  we  are  war- 
ranted in  calling  these  impulses  "  sensations  " — not  to  say  "percept 
tions  ''—of  sight)    These  organs  are,  then,  in  some  sort^  centnd 
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^^^^U(  wight  Siiim  they  ore  connected  hy  nerve-tracts  vtith  the 
^^^^hf  the  i^^rebnim,  motor  innervatiou  in  rospooflo  to  Btimulus 
^^H^h  D[>tic  Derre  m.tj  arise  either  immediately  in  tho  corpora 
^Pal^miiaa  UMUuMJtefl  or  iu  the  gray  matter  o(  the  cortex.  Wo 
waj  ifaftnJora  anppoM.  with  Wuudt,'  that  destruction  of  the  core- 
bal  MtlMtMkW  aboUaliM  ouly  those  movements  of  ihv  miiadeB,  in 

■  to  Um  Rtimnlua  of  light,  which  involve  complicated  co-or- 

■  with  other  excttatluus  of  aetxm.;  or  with  earlier  eatablisheil 
It  is  Bcnrocly  Allowable,  however,  to  locate  tliis  spedol 

K  to  vimal  impuhieM  dvtinitd}'  in  the  substtuicu  of  the  corpora 
fOKtrifemiiM  oonsitlarod  as  ivulat^d  from  the  optic  thalami.  tho 
fpbo  tnuit^  Bad  tho  gray  matter  nt  the  floor  of  Uiu  tliinl  ventricle. 
IlHra  is  louiul  Miutc  la  Eekhard's '  retmu'k  that  the  fuuctiona 
losiwKdv  attributed  to  these  bodieH  should  rather  be  osoriboil  to 
ttw  nyum  in  which  thoy  lie.  Th«  iia/.-it  (or  anterior  pair)  swm  to 
W  nan*  eaptcially  oouneolod  with  the  souaory,  and  the  letflen  (or 
pManor  pair;  with  the  motor  activiticH  of  fugUI. 

AbtwrtDoI  mommoula  of  a  "  (orccil "  uature,  aud  iiupalrment  of 
Ifci  paw  <d  MMknliualion,  follow  the  injury  or  CKtirfMilioti  of  tho 
BBq«>ra  q1IBHriu^^liDa.  Tbrse  plMTiiomrna  may  Imi  due  iu  )iart  to 
U»  low  of  fitidonca  by  viaual  impreaaiuus ;  but  they  iiro  probably 
iltM-  chu'dv  (•.  llio«kt«^oU  of  tho  cSofitsof  the  injury  U>  th«  cnim 
orn>bn  aixl  otlur  BumKitidiug  luirta.  Tbu  npUu  lobi^ti,  accordio); 
lo  UoUi,  arc  thti  priitdpul  central  mcchauiaiu  for  tho  cronkiug  at 
lb  intf  dvpriitol  of  its  liomiaphonM.  Viilpinn  '  PinlcL-a  a  distinotion 
Iwlwmi  a  turrvly  rvlltX'iDotor  crj-  aud  the  phuutivc  utterance  of 
m  animal  I'-'J.,  the  rabbit)  which  retains  these  organs  and  tho  pons 
Varahi.  C«rri«r,'  howevor,  was  unable  to  make  the  distiuctiou  so 
<hKfy.  Thd  Utter  observer  found  that  very  marked  phenomena — 
mA  ^  iliUtiug  tlui  pupils,  clenching  the  jnwa,  mlnu-tion  i>(  tlio 
4W*  aad  aagl«*  uf  thtt  ntouth,  i-xtvuiling  the  1<-^'f>,  i-tu. — folloned 
Iha  rtanaUtton  of  tbeae  orgaiiA  with  a»  electncal  current,  in  the 
«M  of  cat*  aw)  doga.  But  his  I'xjicnmeutii  du  not  enable  us  lo 
mf  how  morJi  of  all  tliia  b«l(in[^i>  to  the  Hpeeiilu  function  of  the 
Vpon  quailrigeniiiw  a*  central  or^ns,  niul  liow  tiiuch  to  the  i 
W^  of  ilia  D»rvB-trartn  in  all  1h«  Humiuudiug  rvgioti.  While  wo 
•i^  «arT«at«>l  in  cimncctijij;  these  organs  with  the  cerebellum, 
■ailalla.  nad  poo^  at  cuDcemed  in  Uio  oo-onlination  of  nintioiia 
MOH^w;  Inr  equipoiiic  anil  liMMmotiuu,  it  is  not  safe  at  present  to 
tf&Mft  »  BKMv  praciw  kM^li^lion  of  (imction. 

'P1iTvk.l-.«iKh*P..^li-.|...i^.  l,^  IS*. 

'taU«nuis'i  Huott'    .1    fli/ilol ,  II.,  IL,  p.  ISI. 

•  t*;iiM  Mu  la  Pb7i>lu4>^lv,  wlo, .  p.  Ml  t 

*  raactlHo*  u(  Iho  Ufala.  p.  70. 
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§  24.  The  office  of  the  so-called  basal  ganglia— Optic  Thalami 
and  Corpora  Striata — in  that  "  projection-system  "  which  connects 
the  cerebral  hemispheres  with  the  periphery  of  the  body,  has 
ah*eady  been  spoken  of;  one  chief  function  of  these  ganglia  has 
usually  been  held  to  be  that  of  acting  the  part  **  of  middlemen  be- 
tween the  cerebral  convolutions  and  the  rest  of  the  brain." '  But 
they  both  have  further  functions  as  specifically  central  organs  in  co- 
ordinating the  movements  of  the  body  according  to  impressions  of 
sense.  It  is  difficult,  if  not  impossible,  however,  to  de&ie  precisely 
what  these  functions  are.  Some  special  relation  of  the  optic 
thalami  to  impressions  of  sight  must  be  admitted.  The  fact  that 
animals  deprived  of  the  cerebral  hemispheres  are  capable  of  com- 
plex co-ordination  of  their  muscles  as  reflex  effects  of  visual  im- 
pressions, seems  to  indicate  that  the  mechanism  of  the  optic 
thalami  is  associated  with  that  of  the  corpora  quadrigemina  in 
performing  this  function.  In  mammals  complete  extirpation  of 
the  posterior  portion  of  one  thalamus  results  in  permanent  ex- 
pansion of  the  pupil  of  the  opposite  eye ;  and  Benzi  was  confident 
that  uijury  of  the  upper  surface  of  the  anterior  portion  occasioned 
blindness.  Lussana  and  Lemoigne  found  blindness  in  the  opposite 
eye  to  be  the  invariable  result  of  lesion  of  one  thalamu&  Oases  of 
the  disturbance  of  vision,  or  even  of  complete  blindness,  have  been 
observed  in  human  patients  as  the  apparent  result  of  disorgani- 
zation of  this  organ.  It  must  bo  admitted,  however,  that  the  sig- 
nificance of  the  optic  thalami  for  vision  may  be  duo  simply  to  the 
fact  that  certiiin  fibres  of  the  optic  nerve  have  their  origin  in  it, 
and  are  rendered  inoperative  by  injuring  it  Experiments  and 
pathoh^gical  cases  connecting  the  optic  thalami  with  the  sensations 
of  smell  and  tasto  are  more  doubtful  and  conflicting.  Ferrier '  con- 
cludes that  lesions  in  and  around  this  organ  destroy  the  cutaneous 
sensation  of  the  opix)sito  side  of  the  body  in  the  monkey ;  Veyssiere 
found  the  same  thing  true  in  dogs.  But  Nothuagel  found  that  no 
effect  upon  sensation  followed  the  destruction  of  these  organs  in 
the  rabbit.  Not  a  few  cases  of  disease  of  the  optic  thalami  in  man 
seem  to  point  to  some  connection  with  tactile  impressions ;  other 
cases,  however,  are  decidedly  unfavorable  to  this  view.  On  the 
basis  of  this  nit  her  meagre  evidence  Wundt'  is  willing  to  rest  the 
theory  that  the  optic  thalami  are  special  centres  for  the  reflex- 
motions  of  touch  ;  by  the  same  theory  lie  also  accounts  for  the  dis- 
turbances of   motion  which  follow  injury  to  these   organs.     He 

'  StH»  Foster.  Text-Ri>ok  of  PhvsioU^y,  p.  653. 

*  Functions  of  tho  Brain,  pp.  'J;tet  tf. 

*  PhvMolojjisi^'he  IXvchologie,  i.,  p.  18S. 
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^Hffobablfl,  iMtTFTtholeBS.  thnt  their  fimction  is  not  exhausted 
^^bripliuu.  "Forvcil "  ])otution8 and  movements,  and  various 
^Bb  ot  impaired  motor  nc-tivititti,  follow  the  cxi>»riiiientai 
^F  thua  organik  But  ewh  ilisturlmiicca  largely-  or  whollj 
h  after  a  bruf  liinc>  olthouj^h  tb«;  cau  bu  again  L-allvd  out  by 
Tbox  occur,  aa  a  rule,  only  wlicu  ttio  lesioti  titfects 
r  part  of  tlio  tkilnmiiH,  or  the  edgtis  of  the  opening 
Iwrlina  frtim  ■lx>v«  inUi  the  third  veulride.  Must  of  the  pheuom- 
aa  aiaj  be  exjilninotJ  aa  due  to  the  working  of  a  mcchauiam  that 
Ua  b«eo  Blimutatad  to  abnormal  activity  by  the  mechiuiii^ol  irrita- 
tinndne  to  lh«cxtir]»tioii.'  We  ean  aearoely,  then,  be  any  more  ex- 
|Gcit  tliaa  to  i)aate  Ihv  ivmark  of  Vulpion,  miule  somo  yonre  since  : ' 
"Ta  kiutw  uulbin^  of  tltu  fperiai  funetioua  of  the  optic  tliulnmi," 

(  M,  TIm  ^>Maal  motiir  aiguificauce  of  the  Cor])om  StriutA  is 

MdaabtM  ;  ftltlwogh  mi  cannot  go  to  the  length  of  holding  that 

IhsM  bokltea  ar«  conc^mnl  o,ili/  in  the  elaboration  and  dowiiwnr<l 

InMHuaaon  of  efiermt  iuipulsea     Ferrier  '  and  others  have  ob- 

mnti  Vani  vtiwuUting  tlieito  bodii-s  with  an  intornipt«il  current 

pwAiwa  Anmit  convulatve  inovemeuta  of  the  uppoaite  aide  of  the 

Wj;  «ritfa   a  wry  powerful   Eliniulut  the  wholo  side  is  drawn 

>iilo  u  arclL     Nu  Hiirh  eflvot  t'ould  be  produced  by  stimulating 

Ibeftir  thalami.     Ferrier  holda'  that  "in  man  and  the  monkey 

to  bttlp.  if  any,  dilTenincP  i>ri'(u?ptiblo  between  the  complete 

I  of  the  mtlical  molor-cvtitivti  and  dc8truoli»ii  of  the 

"foiitnatuni.'*     Viri«>ction  of  this  organ  is  sometimes  followed 

■T  Wy  forwanl  ntoiiing  motionn.    Innionit  of  the  etriiit«i  bodieH,  in 

^  fm  of  the  animala,  are  usually  followed  by  laruiug  of  tbu  limlia 

■  iW  ofipanta  aide ;  aometimeB.  however,  no  pathological  aymp- 

^»  tiE^!1.     An  3  rulr,  in  tlie  ciiM)  of  man,  pnralyxiti  of  tJio  t%rm» 

^''*   ■  :  I-.' foUotradiiinaavof  tbeae  orgauH.   Here, 

'I  of  til"  nrrvuus  sytitem,  a  certain  tnid' 

'    [tpjieam  ucccaiiitry  to  Hecuri!  nny  morUfKl 

-'-^i     .-ii'Fiii'  •  iji'iiiiivhEh  seem  to  point  to  a  difTerence  iii  the 

™**  at  iniuiy  1(>  the  two  niaiii  nurlt  j  of  U«!  corpora    Btriato. 

"•WiiJ  n— wtad  ibat  all  lueohanical  injury  tu  the  nfulrus  lirn- 

'•-■iin,  of  otio  hkIii  norattji  in  Uming  of  Ihe  opjmeite  side :  ilcAtruc- 

<  i^fi  on  both  aidi-H  brings  thti  animal  into  nearly 

'Ti  as  tbe  removal  of  the  oerebral    himisiibcrea. 

<>vvm<-nls  ]M)rmiit4'd  aftvr  complete  destruction  ot 

■^<i-    .  u..^..-,..f  (hombhit 

k>>iii  < ,  II'  ...tin,  iiuiib  d.  rhriiui..  II.,  iL,  p.  isat. 

^  ■.  n 1  ,:...,  ^tn.,  li  (K». 

-I  i^Bnln,  |.  mi.  MUd..  ^  ZW. 
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There  is  much  evidence,  then,  to  show  that  the  corpora  striata 
are,  as  compared  with  the  optic  thai  ami,  more  especially  connected 
with  motor  activities.  Wundt '  considers  them  to  be  pre-eminently 
significant  as  ganglia  for  the  co-ordination  of  those  motor  impulses 
which  are  derived  from  the  cerebellum  and  the  cerebinim.  The 
relative  importance  which  they  seem  to  have  in  the  higher,  as  com- 
pared with  the  lower,  animals  (the  monkey  and  man  as  compared 
with  the  rabbit,  etc.)  he  thinks  is  like  that  of  all  the  anterior  por- 
tions of  the  brain ;  such  portions  are  in  general,  more  significant 
in  man  than  in  the  other  animals.  Wundt's  view  has  considerable 
in  its  support — among  other  things,  the  fact  that,  in  case  of  lesions 
of  the  striate  bodies,  voluntary  motions,  or  those  motions  whose 
motor  innervation  originates  above  these  organs,  seem  to  su£fer 
most  But  we  positively  must  not  adopt  without  qualification  the 
statement '  that  the  corpora  striata  are  exclusively  motor,  and  the 
optic  thalami  exclusively  sensory.  In  addition  to  what  has  already 
been  said  (p.  129)  to  caution  one  against  this  view,  it  may  now 
be  added  that  numerous  cases  are  recorded  where  injury,  appar- 
ently confined  to  one  corpus  striatum,  has  resulted  in  loss  of  feeling 
on  the  opposite  side  ;  and  other  cases  where  disease,  apx)arently 
confined  to  one  optic  thalamus,  has  caused  loss  of  motion  as  well 
as  of  sensation.  Moreover,  the  chief  motor  effects  of  injury  to  the 
striate  bodies  (if  not  all  of  them)  may  be  due  to  the  fact  that  the 
descending  motor  tracts  are  necessarily  involved  in  the  injury, 
rather  than  to  any  special  motor  function  belonging  to  these 
bodies  as  a  central  organ.  Another  theory  of  the  office  of  the 
striate  bodies  rejects  entirely  the  view  which  regards  them  as  in 
any  true  sense  basal  ganglia,  with  either  specially  motor  or  specially 
sensory  functions  ;  and  regards  them  as  belonging  to  the  cerebral 
hemispheres,  rather  than  subordinate  to  the  hemispheres  in  func- 
tion." But  inasmuch  as  this  theory  has  its  principal  support,  of  a 
physiological  kind,  from  a  single  case  of  an  idiot's  brain,  in  which 
these  bodies  were  of  nearly  normal  size,  while  the  cortex  was  defi- 
cient in  the  motor  regions  and  the  base  of  the  brain  in  general 
small,  it  can  soiuTcly  be  reganled  as  sufficiently  confirmed. 

§  2(>.  The  researches  of  the  last  few  years  have  tended  to  show 
that  some  sj^ooiiU  relation  exists  between  the  nervous  substance  of 
tlie  orgiuis  lyiug  at  the  base  of  the  cerebrum,  and  the  temperatore 

*  Phvsiolocisi^ho  Psvcholofirie,  i..  p.  11^3  f. 

*  As  projHMiiuU'il  by  CarjH^nter  aud  Tcnid,  and  apparently  adopted  bj  Per- 
nor, Functions  of  the  Brain,  :25^  f. 

"See  A.  HilK  Tho  Plan  of  the  Central  Nervous  Srstem,  p.  276;  and  Jour- 
nal of  Anat,  and  rhvsiol.>  Julv,  1(?6^ 
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(  Um  body.  Tb«  eariier  obmrDitioiia  '  pointed  out  the  Umila  be- 
i  the  nodulia  oblongfttiL  nud  tlio  puns  as  o  region,  lesion  of 
bUrh  wu  foUowsd  bjr  a  audden  ivnd  large  nBe  of  temperature. 
St,  otfa«r  obaerren  ascribed  vaso-motor  functiona  to  the 
optie  thilomi,'  or  ninertod  the  existence  of  raso-tootor  fibres  in  the 
eniK  earrim  (jm>  Bodge).  In  1684,  J.  Ott  pointed  out  that  cutting 
Ika  oarpcn  atriaU  b  ^teedil;  followed  by  a  marked  riae  of  tem- 
fmatam.  Tit  more  meently  two  oiperimenters,'  working  together, 
tmn  wnind  at  ecrtaui  concIusionH  based  upon  a  largo  nnmber  of 
operiaMat*,  ebMI;  on  rabbits,  but  also  on  guinea-pigs  and  dogs. 
Hmjt  diBeoTor  thai,  wliiln  the  cortitml  substance  cun  be  subjected 
to  the  moat  Mrere  and  extended  lesions  without  producing  a  fever- 
iifc  liH  of  tenipermtnrp.  puncturing  tbo  bniiu  nt  the  juncture  of  the 
Mftttal  aad  coronal  suturcH,  down  to  the  level  of  the  striate  bodies 
•r  Aetrptw,  iamvMy  produces  a  marked  rise  of  temperature.  If 
tks  kiioa  cnlj  hits  the  striate  bodies  (rxp^cially  Uie  medial  side, 
wmr  Botlmagcl'e  noriiu  curm/r-ina)  the  couiing-ou  of  Uio  fever  is 
tlonr  aad  gndual ;  biit  if  the  needle  in  carried  further  toward  the 
baa*  vt  the  brMO,  Iha  ferer  springs  up  at  cmco  and  reaches  a  max- 
■■■at  ID  tvo  to  four  hours.  In  what  way  these  organs  act  aa 
"fwv-cefllrea,'  or  precise])'  what  nervous  elements  are  chiefly  in- 
nlmd  in  the  artion,  hu  not  yet  been  made  ehar. 

I  ST.  Erkhanl  *  ia  inclined  to  lay  down  the  law  that  in  all  v«rt«- 
bralM  the  BMbuuBRW  for  a  cliangn  of  place  lie  rather  in  the  imte- 
aar  pnt  of  Uua  general  region — corpora  quadrigemina,  etc.;  while 
tkeaa  lor  maiotsining  the  upright  posture  and  the  equipoise  of  the 
had;  an  tnr«H«a«l  in  the  region  of  the  pons,  cerebellum,  and  me- 


)  iS.  It  ahoaU  b>  added  that  almost  all  olmervers  have  hitherto 
Uad  to  attadi  sondent  importance  to  the  central  (unctions  of 
fea  (117  matter  wbidi  lines  the  floor  and  walls  of  the  third  ven- 
u  recently  contributed  the  results  of  very 
I  to  determine  the  speoUIc  function  of  t 
partial  aioua  snbalanrc.  He  fiuda  that  ftoga  retain  the  function 
f  hslanring  cv*n  wban  tho  optic  lobes  are  crashed,  if  no  injury  ia 
^  to  tba  gnj  nbatance  of  the  third  ventricle  or  to  the  orum 
'  %  TWfc«t»rhkhlB.  In  Arehlv.  t  AnM.  u-  PhriloL.  1906.  pp.  191  B.i  and 
iimkar.  PtBfvr-*  Anhl*..  tllL,  pf.  KTa  B. 

'  Lb^mb  add  ChriMlaaf  (No.  I0«r  U»V*Ttunillaag>n  d.  pli/ilolog.  Qm* U- 
ife«nB*ri)D.  |)«»-«4i. 
'Bi.  Anmwba  ud  J.  Stitbt:  6**  Pllagw'*  Anibl*.,  uzrU.  (leU),  pp. 


d.  Pbyalet.,  U.  U..  p.  lift. 

{umi,  pp. «:»  s. 
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cerebri ;  they  lose  this  function,  however,  when  a  section  is  made 
into  the  third  yentricle.  Birds  (hens  and  pigeons),  also,  show  the 
same  loss  of  function  when  a  lesion  is  produced  bj  running  a  vexy 
fine  needle  into  the  cavity  of  this  ventricle.  In  the  case  of  dogs, 
Bechterew  considers  himself  able  to  localize  the  function  of  equi- 
poise precisely,  and  to  point  out  the  special  effect  of  injury  done 
to  different  definitely  fixed  localities.  For  example,  bilateral  lesion 
of  the  lateral  or  postero-lateral  parts  of  the  wall  of  the  third  ven- 
tricle results  in  the  impairment  or  loss  of  equipoise  and  co-ordi- 
nated motion  on  both  sides  of  the  body :  the  lost  function  is  re- 
gained only  after  a  long  time,  and  then  but  partially.  In  none  of 
these  cases  were  any  of  the  phenomena  of  motor  laming  of  the 
extremities  apparent,  or  any  very  marked  disturbance  of  sensation. 
This  gray  matter  of  the  third  ventricle  operates,  Bechterew  thinks, 
in  connection  with  the  olivary  bodies  for  the  co-ordination  of  motor 
impulses  in  response  to  sensations  of  touch,  and  with  the  semi- 
circular canals  in  response  to  sensations  of  sound.  It  is  especially 
important  also  in  equipoise  through  visual  impulse  connected  with 
the  changes  in  the  axial  direction  of  the  eyes.  Thus  all  the  above- 
mentioned  organs  operate  with  the  cerebellum  as  complex  and 
correlated  mechanisms  for  keeping  the  body  balanced  in  response 
to  changing  sensory  impulses. 

We  stop  at  this  point  in  our  ascending  review  of  the  automatic 
and  reflex-motor  functions  of  the  central  mechanisms.  For  dis- 
tinctly psycho-physical  and  psychological  questions  the  most  im- 
portant of  the  activities  of  the  nervous  mechanism  still  await  our 
examination ;  these  are  the  activities  of  the  cerebral  hemisphere& 
But  nothing  is  known  as  to  the  molecular  structure  of  these  hemi- 
spheres, or  as  to  their  automatic  and  reflex-motor  centres  and  activ- 
ities, which  adds  anything  of  importance  to  the  description  of  the 
nervous  system  as  a  mechanism,  or  to  the  mechanical  theoiy  of  its 
action.  It  is  with  such  description  and  theory  that  we  are  now 
concerned.  The  correlations  which  exist  between  the  structural 
condition,  or  physiological  function  of  the  nervous  system,  and  the 
phenomena  of  mind,  are  chiefly  (if  not  wholly)  capable  of  study  as 
illustrated  in  the  cerebral  hemispheres.  But  the  nature  of  the 
nervous  molecular  machinery,  and  of  its  working  as  mere  machinexy, 
is  understood,  as  far  as  our  present  information  will  permit,  by  an 
examination  of  the  physiology  of  the  spinal  cord  and  of  the  inter- 
cnmial  ganglia  lying  below  the  hemispheres.  As  to  the  alleged 
psychiciil  functions  of  these  inferior  organs  we  shall  adduce  further 
considerations  when  we  come  to  consider  such  functions  as  belong* 
ing  to  the  brain  proper. 


CHAPTER  V. 


OAKS   OF   THE  NERVOUS  SYSTEM. 

r  to  nndarBtaiid  the  cnd-orgnns  it  is  neoesBar;  to 
nfar  agwn  to  th«  pLuw  whirlt  thrj  hold  in  the  threefold  ftmmge- 
■iBl  oC  thu  Dorroiu  raechauiiiio  |(-<)tu[iarc  Chapt«r  II,  g  2).  In  the 
fM«nd  dinsioo  of  labor  among  its  orgaun,  certain  tiells  situated 
U  lbs  ntrfiuM  of  the  boilj  Iiccoine  expoctiUly  sensitive  to  {■itcmal 
<BiiiiKi  Tbs  Bpoda]  fouctiou  of  these  cells  ucconlingly  be<70Riea 
fkal  at  neeirin^  tlM>  nrtion  of  aat^b  stimuli,  of  modi^ng  this  action 
in  ■ooanlMtOB  with  tb«ir  owu  [N-culior  structure,  and  thus  nf  seU 
tmg  op  is  th«  ooDductiDg  neires  the  neural  process  vrliicli  is  prop- 
Ifflwl  to  the  cMitjsl  orguns.  It  is  obviouH.  then,  that  the  struct- 
WB  md  gtoaptog  of  the  au|>erfiiuiil  i^l-IIs  luust  lienr  somo  dofitiite 
I  both  to  tbo  flxtprnal  Htimuhis  onA  also  to  the  ncrve-fibrea 
I  floamj  inmutl  the  norvouH  imjiulae  ocnusinnrd  by  it  The 
I  of  wnne  mar  tlien  all  bo  described  as  spet^ial  odaptA- 
tJMM  of  the  TOpeTflcinl  c«ihito  tlic  difletx^ut  kinds  of  HtimulL  With 
nefa  i|wettl  adaptatiOQa  the  jkcripbeml  tenutuatioiiH  of  the  ucm- 
StmantuthaeonnActcd  For  the  4>ud-oi^^us.  as  it  wore,  look  both 
•«twvd  ssd  iDward.  Tbvy  act  aa  mivliatorH  lictncn  thnsi^  difTerent 
■Bills  ol  Minna]  molonihu-  motion  which  can  oecusiDu  w-nsations 
il  «■.  nd  tlw  Dftma  which  nonvoy  tlio  r«>Hiilt8  of  this  motion,  when 
HhM  baw)  ehangvd  into  a  nerix-commoliuu.  ouwurd  to  the  r«ntxsl 

*ipdM 

I  S.  Ill  Um  eniS^irgKns  of  the  aporinl  twrnftea  the  fibrils  of  the 
mmarj  IMTtm,  m  a  mlr,  terminnto  in  cellular  stnictnrsfl  which  have 
4t  marpiMogtt^  ngmjiamet  uf  mrtnmnrphiitird  fjntMial  ctH».  The 
«d-A||MH  of  anwU  and  taato  show  Uiifl  characleriiitio  d«\-elopment 
•Ml  r\tmAj.  ThoH  snd-organa  u«,  in  general,  niad«  up  of  oella 
^iA,  poitarfaifljr,  paa  into  Dem>tlirMd«  that  are  gathsred  to* 
pIter  alo  tt»  wtaaorj  tum  of  tlw  ipedal  mom  ;  and  whinfa,  an* 
tmori^i  pav  into  «ofUr>]  or  hiaironn  ptooewna.  The  nmplcst  type 
nf  an  Mi4-ar(ui  may  th«n  b*  deombed  aa  foDowa  ;  A  hairdike  pro- 
•^  «slMidiDg  outward,  and  ooonected  by  a  Mndtira  cell  witli  a 
awTQw  UmmdI  uteodisg  inward.     Such  prooeisM  an  probdbly 


I 

I 
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extremely  sensitive  to  external  stimuli ;  and  perhaps  peculiarly  so 
to  the  chemical  changes  which,  at  least  in  the  case  of  three  of  the 
special  senses  (smell,  taste,  and  sight),  are  their  immediate  excit- 
ant& 

All  the  end-organs  of  sense  may  be  regarded  as  modifications  of 
the  type  described  above.  Only  a  small  part,  however,  of  what  are 
ordinarily  called  "  the  organs  of  the  special  senses  "  {e.g,,  the  nose, 
the  mouth,  the  ear,  the  eye,  the  skin)  belongs,  strictly  speaking, 
to  the  nervous  system.  By  far  the  greater  part  consists  of  me- 
chanical contrivances,  designed  to  prepare  the  external  stimuli  and 
conduct  to  the  true  nervous  apparatus  the  impulses  they  occasion. 
These  non-nervous  mechanical  contrivances,  however,  modify  the 
nature  of  the  stimulus  in  so  important  a  manner  as  to  merit  some 
brief  description  in  our  consideration  of  the  nervous  miechanism. 

§  3.  Besides  the  end-organs  of  sense,  histology  points  out  another 
kind  of  terminal  apparatus.  The  efferent  nerves,  in  order  that  they 
may  stimulate  the  muscles,  must  have  some  special  form  of  attach- 
ment to  them.  Special  contrivances  for  connecting  the  motor 
nerves  and  the  muscles  are  actually  discoverable.  We  distinguish, 
then,  two  classes  of  end-organs :  first.  End-organs  of  Sense,  and, 
second,  End-organs  of  Motion. 

§  4.  Among  the  end-organs  of  sense,  those  of  Smell  have  been 
least  successfully  investigated.  That  portion  of  the  mucous  mem- 
brane of  the  nose  which  clothes  the  upper  region  of  the  nasal  cavity 
and  is  marked  by  a  brown-yellow  color — ^the  region  of  the  expansion 
of  the  olfactory  nerve — is  called  "  regio  olfactoria;'*  it  contains  the 
end-organs  of  smelL  Here  Ecker  and  Eckhardt  (in  1855)  discovered 
two  different  kinds  of  cells  ;  but  we  are  indebted  to  Max  Schultze  for 
the  first  detailed  description  of  them.  The  epithelial  portion  of  the 
olfactory  organ  is  supposed  to  be  constructed  upon  the  same  type  in 
all  the  vertebrate  animals.  Of  the  two  kinds  of  cells  which  the  last- 
mentioned  investigator  described,  one  is  called  "  epUhdial"  the  other 
'*  olfactory.**  The  epithelial  cells  are  the  larger,  have  an  oval  nucleus 
of  considerable  size,  and  extend  through  the  whole  epithelial  layer. 
Their  external  half  appears  more  or  less  cylindrical  or  columnar  (at 
least  in  the  Triton  and  Proteus),  and  is  described  by  some  observers ' 
as  striateil  longitudinally.  The  form  of  the  inner  half  of  these  cells 
is  varied.  The  olfactory  cells  are  spindle-shaped,  with  a  large, 
round  nucleus,  and  very  long,  fine  processea  The  external  process 
is  elongateil  into  a  stiff  hair,  at  least  in  many  oases,  although 
Schultvd  considers  that  in  man  the  olfactory  cells  have  no  cilia. 

rrofMBor  Babuohin  in  StHck«r*s  Human  and  Compantive  HJfltologjr, 
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Ttaat  ««Ila  an  mrrooocled  hy  the  epithelial  cells.  Most  physiol- 
"fislji  lollow  Schultzv  in  holiliii);  that  the  two  kinds  of  cells  ore  dJe- 
tiaet  both  inforni  and  iu  fuuetiou,  and  that  only  the  "olfactory" 
bUi  mn  conDMleJ  with  tho  cod-fibrils  of  the  uerre  of  smell  ;  Ex- 
IMT '  and  otlMtN.  bowuTCr,  Wlieve  tluit  the  distinction  is  nut  a  fixed 
ODis.  In  his  opinion  the  atructure  of  one  is  merged  into  that  of  the 
other,  sad  boUi  u*  cotuected.  though  in  a  difTerent  tnanner,  with 
Ibt  flabainUMbal  net-work  in  wlitch  the  fibres  of  the  olfiictory  nerve 
an  loaL  na  exvi  liiatoloi^cal  relation  of  the  fibrils  of  the  ol- 
hclary  aarve  to  tbe  epithelium  of  the  re^io 
m  not  7*t  mado  out.  It  is  probable, 
,  that  tb*  finest  of  these  fibrils,  after  pen- 
the  cpith^ial  layer,  closely  embrace  the 
lugs  spithalial  osUa  and  enter  into  connection 
wiA  tlks  inner  extremities  of  the  olfactory  cella. 
AoMtdiag  to  Ezner,  the  fibres  of  tho  nerve  do 
apt  [HSi  orer  diiwtly  into  tho  proceMea  of  the 
(od-orsan  ceDs,  but  are  lost  in  a  net-work  whose 
intantieM  are  filled  np  with  granules  of  nervous 
BMttor-  The  Gnl  {itir  of  cranial  nerves,  the  ol- 
faOtiriut,  which,  as  we  have  already  seen  on  p  84, 
■  mil;  *  lobe  of  the  bnin  itself,  is  the  sjimfio 
bcrm  olsraeH 
{  &  The  eratmaoce  for  applying  the  stimuliis 
I  lbs  aid-argaoa  of  somJI  is  vprj'  nimple  ;  in  gen. 
■■1  it  ia  only  neocasary  that  a  current  of  ^r,  in 

Urn  attmulatiag  particles  float,  shall  be  ^la  « -mtarvirr  o>d* 
Amtb  Uumgb  the  nasal  passages  over  the  mu-  ^m  (mEI'm^'^  m » 
t  ol  the  rrgio  dfactona.  £vcn  ain-  I^J^'^^JJi'^^'  *"'■" 
iphnr,  wlitrn  placr<l  uuilfr  thf  noM- 
tarili^  h**S  no  nutiil  so  Ihuk  us  the  brenth  is  belil  or  drawn  through 
iha  BOolh.  In  ([uiet  inspimlion  tnitrh  tlin  ^Ti^atcr  jxtrt  of  the  cur- 
Mat  at  tax  im  oondnctAd  tu  the  phar^-ux  directly,  and  comparatively 
illU  laaahsi  the  ridge  atoated  above  the  nasal  dam  at  the  bock  of 
Iha  tarn,  wbar*  the  cnd-orguia  of  smrLl  are  placed.  In  full  iiiiqnr- 
sliaa,  and  stiD  more  when  sbort  and  deep  draughts  am  drawn 
ttnia^  tbs  bsmU  jMasagea,  a  considerable  amount  of  the  air 
ia  fmnxA  owr  the  icusory  porta  By  auafflng  wo  increase  the 
■■^  of  air  dnwn  into  the  region  by  first  creatinf;  a  partial  vac- 
tavity.  In  vspualion  the  breathing  pa— ge  is  ao  located 
Mariy  all  the  air  past  the  aensoiy  parts  witliout  striking 
r  tUs  naaon  smelling  ia  almost  exdumvely  confined  to 
niuilii   A.  Wlsaer.  Aotd.,  Izlii.,  jx  44  t  ud  lir..  |>  7  t 
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inspiration ;  it  has  been  disputed  whether  the  current  of  expiration 
can  be  smelled  at  alL  But  Debrou  showed  that  the  odor  of  orange 
blossoms,  when  water  tinctured  with  them  has  been  drunk,  can  be 
detected  in  the  expired  air.  The  current  winch  passes  through 
the  anterior  part  of  the  nasal  passages  seems  to  be  the  more  impor- 
tant. This  is  probably  the  reason  why  the  loss  of  the  nose  is  so  fre- 
quently attended  with  loss  of  the  sense  of  smelL 

§  6.  The  end-organs  of  Taste  are  situated  in  certain  papillcB, 
found  on  the  upper  surface  of  the  root  of  the  tongue,  on  the  bor- 
ders and  apex  of  the  tongue,  and  in  some  cases  on  the  anterior  por- 
tion of  the  soft  palate.  These  papillsB  of  the  tongue,  are  the  papU- 
Ice  circumvallatcR  and  the  papillce/ungi/ormes.  The  lateral  portions 
of  the  former  are  pre-eminently  the  regions  of  the  mucous  mem- 
brane of  the  tongue  where  the  end-organs  of  taste  are  found.  The 
same  organs  are  also  found  more  sparsely  distributed  in  the  fungi- 
form papillae.  The  circumvallate  papillsB  are  composed  of  connectiye 
tissue,  which  is  invested  by  a  payement  epithelium  arranged  in 
laminae.  The  epithelial  layer  is  thinner  than  elsewhere  at  the  sides  of 
the  papillae,  in  which  the  end-organs  of  taste  (gustatory  fladts  or 
bulbs)  form  a  zone  that  extends  upward  to  about  the  level  at  which 
the  papillae  are  no  longer  protected  by  their  lateral  walL  In  the 
fungiform  papillae  the  end-organs  appear  in  the  epitheUum  which 
covers  their  upper  surface,  and  in  the  side  surfaces.  A.  Hoffmann 
also  found  them  in  the  papillae  of  the  region  of  the  soft  palate.  It 
is  more  doubtful  whether  they  exist,  as  has  been  alleged,  on  the  epi- 
glotti&  The  papillce  fili/omies,  which  are  sometimes  classed  with 
the  two  others,  probably  have  nothing  to  do  with  sensations  of 
taste,* 

Methods  of  experimenting  to  discover  what  surfaces  are  sensitive 
to  taste  arc  not  easily  made  exact,  because  the  stimulus  must  be  in 
solution  to  excite  the  end-organs,  and  because  the  nature  of  the  ex- 
citatory changes  is  chemical.  There  is  scarcely  a  spot  from  the  lips 
to  the  stomach  which  some  physiologist  has  not  described  as  be- 
longing to  the  organ  of  taste.  But  the  regions  where  the  above- 
descrilied  papiliro,  with  their  gustatory  flasks,  are  found,  are  doubt- 
less the  principal — and  probably  they  are  the  only — sensitive 
surfaces.  Considerable  differences  exist,  however,  among  different 
species  of  animals,  and  even  among  different  individual  men — es- 
pecially as  to  the  sensitiveness  of  the  tip  and  edges  of  the  tongue, 
and  of  the  anterior  surface  of  the  palate.  All  the  evidence  tends  to 
show  that  the  gustatory  flasks  are  the  sole  end-oi^ns  of  taste. 

*  Comp.  RrQoke,  Vorlt-sung^n  QWr  PhTsiologie,  ii.,  p.  257 ;  and  von 
VlntaeUgau  iu  Uermauu  s  Uandb,  d.  PliTsioL,  UL,  it,  p.  147. 
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I  T.  Tht  nkniwopio  etructore 


■  tfaoagfaUwaeBtruclarai  vuy 

lUr  poatkiD,  «>d  Booord- 
wg%a  Om  iliflVmnt  specie^ 
'^— tTn**    la  gvnonU  tlipy 
an  Uk  >  glwM  knob  with 
ikoct  uerk.  ostl    with    :  < 
liaglll     aomcwtut     greiv 
Ukb    ita    grvAtMt    vib. 
Heao*  tbe^  ara  calleJ  " 


Mvy.Ant*  '  (ao  M.  Schultze).  They  ocoupy  flAsk-sbaped  eavitiuB 
d  Um  ^tbdiaro,  wUich  the;  coiuplet«lir  fill  Their  lower  or  inner 
part  reels  on  the  counectire 
tiwuc  of  the  mucoua  mem- 
bmne  ;  their  upper  and  more 
deader  port  ia  aurrountled  by 
epitheli^  CftUa  and  baa  au 
opening,  or  pore,  of  from  y^*,, 
to  y^^  of  an  inch  iu  diameter, 
nt  the  siirfnce  ot  the  epitbe- 
J^JJjJJH;  Uuui.  T)io  niATginof  tliiapore 
ia  iiBUally  formed  by  placing 
acvenl  cells  together,  but 
■■Mti&kea  by  a  nogU  cell  which  appears  i>erfoT«teil  witli  a  round 
Mfc  Each  of  lbs  gnalatory  fliwkH  rniimnl«  of  from  fifteen  to  thirty 
loBf,  tbin  nalla,  arranged  hie  the  leavea  of  a  hud  in  closely  com- 
innBd  mwv  Mnoiul  the  nxia 

AU  tb*  goMkiorf  taaiu  ant  cumiKMicil  uf  two  kinda  of  cxUa : 
(MM  am,  rtntially,  rpUheliai  txil»,  and  have  probably  no  direct 
nanaotiofi  with  t)ui  twtrvM ;  th«  other*  an<  liighly  differentiated 
Anctars^  an  probably  (hraetly  ouatinnoua  widi  tJie  ucrvcvfilirilit 
mi  an  ttnaebt  to  be  trne  giutaiory  tvlln.  The  epithelial  or  ia- 
V  \tfag,  narrow,  irpindlitMiilmpcd,  bent,  tviUt  n  nucleua 
1  :  tba  oatward  end  ta  jKiinled.  the  central  end  )>rancli- 
lag:  Tb*  gnalAlory  oetla  ue  Ihio,  long,  and  htglily  refractire  of 
bfU,  with  iMMrly  tbe  whole  boily  of  (he  atrurturi'  occupied  by  an 
■Ut|<ial  niwleua  The  body  of  tbe  cell  ia  eloutj^tcil  into  two  pn> 
««■&,  of  which  tbe  upper  or  poriplionil  ia  tolerably  broad  and 
hava  a  abort  wtmi  fiae  point  like  a  hair  or  pL-ucil-puiuL     This  point 
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lies  in  a  canal,  in  the  epithelial  layer,  aod  rarely  projeota  from  (he 
pore  of  the  flask.  The  lower  or  central  prooeaa  of  the  oell  is  mnch 
attenuated,  and  usually  divides  into  two  branches.    A  direct  con- 


nection of  these  processes  with  the  fibrils  of  the  gustatory  nerre  is 
assumed  by  all  investigatora  The  manner  in  which  the  nerve-fibres 
termiaate  within  the  papillce  is  different  in  different  Mnimula, 

The  glemo-pharyngeal  neroe  is  the  priuoipal  nerre  of  taste.  It  is 
distributed  to  the  back  of  the  tongue,  enters  the  circumvaUate  pa- 
pillte,  where  it  forms  a  minute  plexus,  interspersed  with  nerve-cells, 
from  which  both  medullated  and  non-medullated  fibres  pass  to  the 
base  of  the  gustatoiy  flasks.  The  Ungual  branch  of  the  trigeminus 
has  also  some  claims  to  be,  in  a  minor  degree,  a  nerve  of  taste. 
Schiff '  cosBiders  it  as  designed  for  sour  taste,  with  a  slight  sensi- 
tireness  to  bitter  also. 

g  8.  In  considering  the  end-organs  of  Touch,  attention  should 
be  directed  to  the  great  variety  of  sensations  which  are  grouped 
together  under  the  word  "touch,"  in  the  broadest  meaning  appli- 
cable to  it.  The  questiou  is  thua  raised  whether  any  histological 
difference  is  to  he  detected  in  the  nervous  apparatus  which  may 
serve  as  a  physical  baais  for  the  difference  in  the  sensations.  We 
may  set  aside  for  the  present  all  consideration  of  the  feelings  of 
pain,  of  esertion  and  fatigue,  and  the  so-called  "  common  feeling  " 
and  "muscular  sense."  The  question  ia  thus  reduced  to  this  nar^ 
row  form  ;  Can  histology  point  out  two  specifically  distinct  kinds  of 
end-organs  in  the  skin,  one  of  which  serves  for  seusationa  of  tem- 
perature, and  the  other  for  sensations  of  pressure? 

§  9.  Histological  examination  shows  that  the  sensory  nerves  dis- 
tributod  to  the  skin — the  general  organ  of  touch — torminate  in  two 

■  HoIeBoh.  Unters.,  X.,  p.  406  f.,  u  ruferred  toby  voa  ViotBahganiuHar- 
muiii'i  Hkudb.  d.  Phjsiol.,  UI.,  ii.,  p.  171  f. 
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ia  tnn  «nl-fibrUfl  or  in  special  cOQBtructions  called 
or  "  end-hulbe."  The  difibrent  varieties,' all, 
alike,  of  thcso  special  cod-orgaiiB  of  touch  have 
thtt  aa  many  difltirent  itirestigntnra  Their  general 
M  la  ttiNt  ol  modifyiug  and  multiplyiiig  llic  efTect  of  tlie  stiinu- 
ii|KMi  tfas  Derr^Gbres  wliich  terminate  in  them.  Tlie  Bo-calleil 
oC  IWtni  "  wore  iho  lintt  end-apparatns  to  W<  discovered 
witli  lbs  poripbernl  t«riui  nation  of  the  seoBOry  nerres  ; 
r«  HCD  mote  than  one  hundred  aod  fifty  j-eare  ago  by  Vater. 
Uwy  ant  cotutautly  present  in  the  subcutaneous  cotmecUve 
»  of  U»  paluw  of  tlte  band  and  uf 
•aim  of  the  feet ;  but  are  inost 
ivrooB  ID  tbe  palmar  surface*  of 
flngnni  and  toeo.  eajwciaUy  the 
1  ptwlangea,  altboogh  Ihey  oocnr 
amw,  «te.  In  aome  plai 
I  Tiaible  to  tbe  naked  eye  bj 
grain  nf  fnxn  ^^  to  ^  otaa  I 
dtameti-r.  Th»y  urny  be  said  [ 
I  the  ends  of 
Mm-fibrea  remarkably 
Bidi  flor]HiSfile  coDsiirt« 
aDOoeettTe  tiasae,  arranged 
mors  doMily  packed 
■eae  aurround  a  car- 
a  aoft  nucleated  mate< 
interior  of  wbicli  the 
Here  tbe  uerr^.  ' 
a  tiako<l  axia-cyl- 
lonniiiato  in  a  bttle 
vitb  tbe  bighutit 
raieroaeopo  Bboirs  that  the  axis-cylinder  of  tbe  Ubre 
Ibat  tiM  tarminal  bulb  couMots  of  finely  grannlar 

1  lo  tb«  fiinsgotBg  ititictnnH  aro  thit  so-called  "  end- 

Tbcae  are  anall  otpanles  of  oonuectiTu  tiaaua  in 

I  ba  datactad.     In  tbem  tbe  nerve-fibrils  of  touch 

r  fal  a  ooilad  mna*  or  iu  a  bulbnua  eitrcmity.     Tliey 

a  to  tVti  ^  '">  i'^  i"  diameter,  and  exist  in  tbe  am- 

'*  Iki  UBuHil  kiBib  at  lanabnl  ccriiaMlini.  >  pTlnolpKl  monofrtph  U  lij 
yihiU.  Vthft  A\f  BndlraaiMI  4h  MHiibUii   Vttiou  In  il«r  lUat  4m 

U  Sirklwr'*  Ilunua  uid CowiiunUTa  lauAomj,  11,  p.  SSS. 
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lunusfaed  most  of  uu 
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m 

Tm  M.— Bod-bultm  tnm  tta    , 


juDctiTK  of  the  eye,  in  the  toagne,  the  lips,  the  floor  of  ths  bneoil 
canty,  etc  The  "  corpuscles  of  Wagner  "  (or  Heiamer,  who  hM 
furnished  most  of  the  details)  may  be  deaoribed  «a  orsl-shi^wd 
bodies,  made  up  of  Buperimposed  linwimn  and 
bearing  some  raaemblanoe  to  a  miniature  fir- 
cone. The  medullated  nerve-fibres,  like 
"creejHOg  roots,"  vrind  beneath  the  catane- 
I  ous  papilbe,  and  here  and  there  penetrating 
them,  terminate  in  the  ooipusdea  ^tiiin 
the  corpuscles, 
according  to 
KOlliker,  the 
1  fibrils  form  two 
bi^' tJ^^^^^^mnub  or  three  cmls, 
tSJi'tTtaT^'hS"^'  and  finally  join 
SLSTSX^rfiiSS:  together  in  , 
loops.  These 
tactile  end-oi^ans  are  most  constant 
ftnd  numerous  in  the  terminal  pha- 
langes of  the  fingeis;  they  occur  in 
smaller  numbers  on  the  palm  and 
back  of  the  hand,  on  the  sole  and 
back  of  the  foot,  and  Bometimes  on 
the  nipple,  lips,  etc  They  are  seated 
in  the  papillie  of  the  skin.  Meissner 
counted  four  hundred  papillte  in  ^  na.  n.  -onat^  m  laoA.  lutm 
of  an  inch  square  on  the  third  pha-  rinS'ii^:  t  ud  e,  mn  ib*  pupUto 
lanx  of  the  index-finger,  and  found  "««<»«"  '*™  "'"•'■ 
these  corpuscles  in  one  hundred  and  eight  of  them.  Their  long 
diameter  Ues  in  the  direction  of  the  papillae  and  extends  from  y|f 
to  t}^  of  an  inch  ;  they  ore  sbout  ^^  of  an  inch  in  thickness. 

§  10.  Since  the  surface  of  the  skin  is  in  general  sensitive  to  press- 
ure and  to  temperature,  it  follows  that  the  special  structaree  de- 
scribed above  as  occurring  iu  parts  of  this  surface,  cannot  be  the 
sole  end-organs  of  touch.  Modern  histology  has  demonstrated 
the  presence  of  an  intricate  plexus  of  non-meduUated  nerve-fibrea 
which  end  in  free  extremities  between  the  cells  of  Uie  macous 
layer.  This  terminal  plexus  of  nerve-fibres  is  also  the  end-organ 
of  BO-called  general  sensibility  and  of  touch. 

None  of  the  attempts  hitherto  made  to  establish  specific  relations 
between  the  varieties  in  the  structure  of  the  tactile  end-organs  and 
the  varieties  of  the  sensations  which  they  administer  can  be  pro- 
nounced successful,     Krause  has  tried  to  deduoe  teixai  tha  oonstmo- 
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■  M  Pacini  their  Gtnen  to  act  as  the  end- 
^hpuM  erf  |WiMiiiii ;  but  thMO  corpuscles  are  wonting  in  mnny 
^fcrti  ol  tba  bodjr  that  are  aeuBitive  to  pr«a«uro.  Wagner  cuu- 
^fr*— f  *  tho  otxptuclM  which  bear  his  name  to  be  special  organs  of 
loodk  Bat  U  bu  been  shown  bj  Merltel  Unit  these  corpuscles  are 
■^hiiy  bat  ^gngatoK  of  mori!  clnuientary  forma,  the  so-called 
"  laetila  oIU."  Sum*  have  argued  thst  the  end-bulbs  of  Kranae  and 
Ik*  emiMttclea  u(  IV^ioi  are  the  organs  of  general  feehng  (senaus 
iWiMiiiiii)  :  but  othera,  witli  more  probability,  aBsign  this  function 
to  tba  tnm  ocno-«iutittga  ;  while  Merkol  ia  of  opinion  that  the  latter 
■•  ipMifleaUy  couc«med  in  sensations  of  tein[>erature.  Nothing 
m  kaown  on  Uua  point  bejrnml  Uio  fitct  that  the  ukiu,  within  which 
Ifcs  Miuai7  DWiv-fibm  tdrminate,  either  in  free  ends  or  in  special 
toetOa  eocpaadei;  is  the  organ  for  all  the  rarietics  of  Bcusation 
lau«§l»t  VBdar  the  most  general  nieauing  of  the  nord  "  touch.*' 

TW  nan  pnds*  manner  in  whinh  tlie  tt^minal  fibres  of  the 
MSUB  of  todch  alasd  related  to  the  individual  tactile  cells  is  also 
itifl  in  doobL  Boa»  investigators  coneitler  that  the  tibrea  enter 
into  tb*  nsj  pTotoplaitu  of  the  cells  (Jlerkcl,  Fre,v) ;  othi-rB  that 
Ibaj  ifvMd  tbwnaelfwi  on  end-plates  auperini[>oseii  on  the  cellfl 
iBrtttea,  BaDTier). 

1 11  WUk  the  flzotption  perhaps  of  the  ear,  the  Eye  ia  by  far 
^m  BOit  •hfaorat*  and  coiuiilicated  of  the  eud-orguus  of  bvdbo. 
Hm  !■  tnM  of  tboae  portions  of  it  which  are  designed  merely  to 
hrn^  IIm  «xl«nial  stimulus  to  bear  u])on  the  nerroua  stracture,  as 
«aO  ■•  of  thi«  itrueture  itself.  Cowiidenng  it  lu  n  whole,  we 
may  mj  Unt  the  {lenphernl  organ  of  atinaatious  of  light  and  color 
■  ^  e|ibral  imtrumetit  constructed  on  tlie  plan  of  a  water  camera 
obaoB^  with  a  aeU-4djiuting  tens,  and  aconcave,  sonsttive,  nervous 
■iBbsMM  M  a  ■eraen  on  which  the  image  ia  formed- 

f  U.  Iba  ej-eball  cmisials  of  tliree  coait  or  tunics  inrloeing 
ttiB*  tfai^BiHit  nfnotiag  tnedio.  Sincr,  howrrer,  the  fn>nt  part 
ti  ite  ovter  oB«  nt  thaaa  caatx  is  itaelf  tnuudueent  and  refracting, 
te  ■ombar  of  nfraeting  media  in  the  eye  is  really  four.  (1)  Tho 
Am  or  iilarinl  ooat  oooaista  ol  two  portit :  (a)  the  Sclerotic  or 
•  ira-alxtba  part  ("white  of   the  eye"),  which  is  a  Urm, 


mbnne  fonuei)  of  i»uDective  tissue  iiilvrmiugled  with 
e  Sbc^  ;  anil  {h)  the  Conii^  or  translucent  anterior  onc-siith 
wUeh  ia  cimilar  and  couves  iu  form,  and  covered  wiUi  con- 
1  apUbelium.  The  cornea  rises  and  bulges  iu  the  iniildla 
tt(  a  ■itab-^HB.  (:i!)  The  aecoud  ooat,  or  tunic  of  the  cyv.  also 
«BBalB  of  two  |Hrta :  these  are  ('}|  Llie  rhoniid  ooat,  which  cont- 
iras  aiKok  ila  latter  portion,  is  of  a  dark  brown  color,  duo  to  its 
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pigment  oella  (except  in  the  caae  of  allriiKw),  uid  k  i 
provided  with  nerres  and  blood-vetnels  ;  and  (A)  Uw  In^  m  areolar, 
flattened,  ditik-Hliaped  diaphragm  in  front  of  the  lena  (the  ookvEd 
port  of  tlie  viailile  eyeball),  bathed  with  aqneons  humor,  and  haT- 
ing  in  ita  centre  a  circular  aperture  called  the  "  pupil  **  of  the  eye. 
The  anterior  bonier  {corpua  ciiiare)  aroond  the  im  oouaialB  <rf  the 


ir*  Vi. 


oiliitry  muscl«  and  the  nViiay  proceuea.  (3)  Tlie  Betina  ia  tbev 
tbiril  or  iiiuor  ciMt  of  tho  eve.  It  is  a  delicate  membnuie  of  ex— ' 
i|uiHit«'  tnuistNurtiicT  and  almost  perfect  optical  bomogenei^ ;  it 
luui  a  Uitrlily  ^.vuiptox  alruoture,  cousiitting  of  nine  or  ten  layers,  thm 
truly  lUTVous  iHirttons  of  which  contain  nerre-fibna,  Derre-eella, 
and  special  t^ud-»r}:Iiu»,  ti^tber  with  connectife  tiaaoe  and  blood- 
The  iuuer  surbtce  of  the  retina  is  mookUd  tm  the  Titaeoi 


-  tnuisluceut  n-frai-liny  media.  The 
■ward  from  tbe  outside  frout — is(l) 
Am  Oaraea,  litmAj  spukeu  of  ns  the  anterior  one-sixth  of  the 
Bfr  mat  ol  tfa*  07c.  (2)  The  AqiieotiB  Humor  tUU  the  npaoe 
WwMB  tbe  «oiTt«ft  Mill  the  leus,  aud  ia  divided  bj  the  iris  into 
t««  ckantben,  of  which  tho  front  one  in  much  tbe  livrger.  It  is 
Brnpid  uaA  walcrf ;  it  holds  in  Bolutiou  the  salts  of  the  blood- 
MEram.  witL  traces  of  orgauio  aubataocea.  (3)  Tito  CTystalliQe  Lena 
HMtaated  betvevn  tho  iris  and  tho  vitreous  body.  It  is  a.  transpar- 
ent bieodvcx  leo^  with  ita  ntitoro-poHteriur  diiunet«r  nboitt  oue-third 
k^  IImd  tbe  tiuwrerie  diameter.  It  conaiata  of  a  capsule  and  in- 
drmd  bodf .  It  ie  of  "  buttery  cousintoncv,"  compoeod,  like  an 
"Bioa.  of  a  tmiub«r  of  eoaily  acpantble  layers.  £iirh  layer  consists 
ti  filvee  which,  within  tlie  layer  are,  oa  a  rule,  radial.  Between 
th>  aotire  ciliary  paul  of  the  r«tina  and  tbe  convsponding  part  of 
tk*  ritraoos  htunor  ia  in(«rp»sed  a  structureless  niembnuiMUK  body, 
la  wideb  the  edge  of  the  lena  ia  attacbe<I,  and  which  radiates  out- 
«ifd  and  tnAintaina  tlin  Icits  in  triisioQ.  It  is  called  tbe  nuiipim- 
■^  ligament,  (or  Zonula  «/  Zinii)  and  ita  officK  is  very  important 
■  IIm  acaNDD>Qd«ting  of  the  eye  to  different  diatuDc«8.  (4)  The 
VitnooB  Humor  ooiunata  of  a  number  of  firm  aheels  or  Inyera 
(liaitbaV  between  which  fluid  ia  contained,  built  into  a  body  that 
k  oftteaOy  eooaiderod,  tranaparent  and  bomogeneotis.  It  occupies 
^tt  tba  fpaee  IncLoeed  by  the  tunica  of  the  eye.  It  ia  thought 
btinona  fonn  of  connective  tissue,  and  is  composed  most- 
r  with  aalta  in  aolution,  of  proteida  and  mucin,  fata  and 
I  laatten— eqwcially  urea.  Its  peculiar  atructure  ia  of 
«for  the  physiology  of  the  cyo. 
I  tpfxmh^a  or  acueaaory  jmrln  of  Uio  eye— auch  aa 
e  eyelid^  lachrymal  apparatus,  muscles  of  the  oye> 
I  by  which  thfi  eye  in  niovud  in  itJi  or- 
lificance  for  phyiuolo|'ical  psychology. 
p  ola  worid  of  visible  objects,  and  even  the  forma- 
ita  ensealled  "  fl#ld  of  naiiin,"  in  dt-pendent  upon  the  great 
■nlality  of  Iha  eye.  Tbe  eyeball  is  moved  in  its  bony  socket, 
«W*a  it  u  rmtirddu>l  in  a  duub  of  fat  aa  In  a  aockot-jotnt,  by  six 
■aada^  which  are  attached  to  It  aomewhat  like  the  bridle  to  the 
hene'e  bead  Four  of  tbeae  maadea  apring  from  tbe  bony  wall 
■■f  1b»  point  where  the  optio  nerve  nten,  estMid  thnmgh  tbe 
iMfth  «f  the  looket  and  paM  directly  to  the  eyeball,  where  tbey 
J  to  it,  one  abuvei,  one  below,  one  on  tbe  outer,  and  one 
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on  tfaeinnernde,  (Ui«r«e<i;  inlemu* Mid exUmu»,inip-'nori 

nor).     In  moving  both  eyet  up  or  down,  the  Batne  maBcles  in  both 

oontnct  aimaltuieoiiwl;  ;  in  ntoring  tlie  e3nes  to  tho  right,  the  ovtet 


muiicle  of  thf>  riulit  eye  and  tbc  inner  of  the  left,  contract  ajm 
taneoiisly  (and  vier  verm)  ;  in  turning  both  eyes  inward  to  conn 
th^in  upon  n  near  olijcct,  tho  two  inner  muscle*  couCract  tog* 
We  cannot  move  the  eyes  ao  that  the  optical  axes  do  not  eitl 
m^et  or  rvmain  pandlcl ;  w«  cannot  look  with  one  eyi^  upward  i 
the  other  downward,  nor  with  one  eye  to  the  left  and  the  other  i| 
the  ri^lht ;  nor  can  we  voluntarily  turn  the  eyes  farther  np«rt  t 
when  their  ascit  are  parallel. 

The  other  two  of  thi?  sis  muaclea  of  the  eye  are  called  oblique, 
these  one  ia  9tii>eriornnd  iiitpninl ;  it  diiea  not  pass  directly  for 
from  ile  pl/nre  uf  origin,  ut  the  ]io»t«rior  iipertitre  tlirough  wU 
the  optic  nerve  eutem  to  the  eye,  but  first  runs  through  a  ring,  l' 
tuniB  arounil,  and  is  attached  obliquely  to  the  upjwr  surface  of  fl 
eyeball.  The  other  oblique  niuaele  be)|>in8  at  the  inner  wall  in  t 
socket,  passes  under  tbe  eye-ball,  and  is  attached  to  it  opponta  | 
tlic  superior  obUcjue  muscle.  The  two  obli(]UB  niuacles  ccnnbt 
with  the  four  recti  to  move  the  eyea  in  various  directiODa  wbj 
would  be  iniposaible  for  the  latt«r  alone.  

g  15.  Tho  problem  which  is  to  be  solved  by  the  end-organ  of 
viaion  may  be  stated  in  a  general  form  aa  follows :  A  tnoeaic  of 
localized  sensatiDns  muat  be  so  constructed  that  cbaugea  in  thft 
<luuDtity,  quality,  local  relation,  and  seiiutmce  uf  theae  i 
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I  iDtcrpr«totl  na  indjcntiTe  of  the  eozc,  ahap^.  lo- 
f  extortut]  vimblc  oliji'iils.  Tbe  moat  im  porta  tit 
B  of  this  problem  fedlH  ii[)oii  the  nervouH  struct- 
It  in  ittielf  n  mosaic  of  nprvoUB  clomeDta,  the 
1  of  wtWi  niaj  Tary  iu  qudlity,  quantity',  lixml  coloring, 
Md  Hqauior  of  the  different  elements  excited.  But  in  oi-dcr  that 
Iki  retiiMi  tamy  axercue  ita  funfttinn  with  the  precision  luid  delicac; 
of  -imtAil  ftir  which  its  structure  fits  it,  the  mya  ot  light  rctlocted 
Iran  »  vui^  pntnl  of  t]te  aurfnce  of  the  Tisible  object  muat  excite  a 
tt&gla  oDe.  or  at  moat  a  flRinll  and  definite  group,  of  the  retinal 
The  aeuaationa  thus  occasioned  can  then  ud- 
tti«  arrangement  by  tbe  mind.  It  i^t  the  work  of 
i  rafrafting  niolia  of  the  eve  to  apply  the  stimulus  to 
a  exactly  dtscrimtuatGd,  and  in  uu  onlcir  currespond- 
UC  to  tbm  objaet  ;  thai  ia  to  aay,  the  cornea,  the  humors  of  the  eje, 
Ml  dtt  low  nnat  form  an  imaye  on  the  retiniL  To  ehon  tbe  pos- 
t  tiuB  by  oakuUtlng  how  the  general  laws  of  optics  apply 
•  of  tbe  eye,  as  anatomy  describes  it,  and  to 
tolatiou  aeconl  approximately  witli  the  fiii:ts,  luis  been 
t  of  investigators,  especiallj'  of  Uelmholtz  and 
To  tbt  rtsults  of  this  labor  only  a  brief  alluaiou  must 

I  I  U,  Tba  four  madia  of  the  eye  conHtitut«  n  system  of  refraetiog 
I  uf  which  ia  separated  from  tlie  one  ii<ljoii)ing  by  a 
r  «itl,  aa  it  were,  iu  the  whole  rcfntctiDn-aubatance.  Eq>e- 
l|fiiUiistrtu>of  tfaehina  with  itacouconlriclayeta.  The  "image" 
a  th*  ftwl  menibcr  of  Ihut  ayatem  of  surfaces,  by  its  n- 
■  of  aneb  bnodln  of  nya.  from  the  object,  aa  all  lie  iu  a  phtue 
P'lilit  ailglTT  to  tb«  a»  of  the  sj-Bt«m,  thus  becomes  an  "  objivl  " 
"  Ihl  awood  refrvctJag  aurbce  of  the  sj-aU-m  ;  and  the  imago 
d  ^  tba  nnwd  an  object  for  the  third  ;  and  so  on.  Tbe  re- 
*(fiay  nmnbor  of  such  refractiona  will  accordingly  nlwaya  b» 
a  wboae  poinla  lie  ia  a  plane  at  riglit  angles  to  the  axia  of 
a  ot  ivfnetitid  aurfacea,  and  «bich.  as  a  whole,  is  in  true 
I  to  tba  original  object.     The  last  imago  and  the  object 


[  btnong  tbe  emina  •■(  tbe  rnya  of  light  through  the  rvfiacting 
lio(  the  eye,  two  Ihinga  roust  be  laken  into  the  account :  (1) 
'  '  t  ot  refraction  of  tbeae  media,  and  (3)  the  geometrical 
*ad  portion  of  all  tlt«  limiting  saifaaw,  (1)  Tlie  moaua  for 
'  (  ■  kscrwledge  of  tlte  former  is  by  taking  tiio  average  result 
Ian  of  a  ODmber  of  ejaa  eappoM-d  to  Im  normal 
■aoioe,  defttfa  baa,  for  the  firat  twenty-foor  houn^ 


176  THE  HUMAN  BTB. 

little  or  no  effect  in  changing  the  indices  of  refnctitm  of  the  tyo. 
Knnse '  found  the  mean  index  of  refraction  ot  the  cornea  to  be  = 
13607,  of  the  aqueous  humor  =  1.8420,  of  the  vitreong  body  = 


1.3486.  But  Hclmholtz  (subeeqoent  obserrers  have  agreed  better 
with  his  result  than  with  Ktatise's)  found  the  two  latter  indices  of 
refraction  to  be  =  1.3366  and  '-=  1.3382, 
reapectiTel;.  The  lens  ot  the  eye,  espee- 
iolly,  is  not  homogeneous  throughout  as 
to  its  intlex  of  refraction.  Each  layer  has 
its  own  index,  and  the  amount  of  the 
I  index  of  each  layer  increases  regularly 
toward  the  kernel  of  the  lena  The  work 
of  retraction  dine  by  the  lens  is,  there- 
fore, greater  even  than  that  which  oonld 
be  done  by  a  homogeneous  lens  with  sn 
index  of  refraction  equal  to  that  of  the 
,  kernel,  or  most  highly  refracting  part  of 
the  lens. 

('2)  The  position  and  form  of  the  separating  surfaces  of  the  re- 
fracting media  can  be  only  approximately  determined  in  the  tiling 
eve.  Tlirfe  i>f  tliest'  surfaces  ore  of  chief  importance — the  anterior 
surface  uf  the  n>riiea,  and  the  anterior  and  posterior  sur&ces  of  the 
kus.  The  i-onvesity  of  the  first  of  these  three  is  found  to  depart 
perceptibly  ftvm  a  sphere  ;  it  is  greater  toward  its  edge  than  at  its 
vertex,  where  it  resembles  rather  a  section  of  an  eUipsoid.  The 
adtautage  of  such  a  shape  is  seen  in  the  bet  that  the  images 

'  KrauMr*  eipvriinviits  rrht  to  ra.n  of  the  wsTv-Uagtb  U>  which  the  bright- 
i-»t  plsci-  in  ihe  mUj  speetruni  oirrapondi :  that  ix,  (o  th*  pUe«  M  the  end  ot 
ili«  ant  ibirj,  or  qouter  b«tw«oD  D  Kail  E.     The  r«baMlMi-iwl«x  of  water  ts( 
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pil  u  expanded  are  thus  made  sharper  tbnn 
"w.  No  observable  refnintion  tnkes  place  on 
f  the  oomcia.  beL-aiien-  Uie  ilitTerouce  between 
:Uan  of  the  cornea  and  of  the  ac|ueoua  bunior  is 
B  hint  itnngcN  from  Ibis  suHoco  vunisL  by  proiim* 
a  refracted  from  the  Trout  purt  of  the  cornea, 
r  of  altering  the  refracting  conditjona  of  the  e^,  i 
hut  mtnliA  to  form  a  single  |>erfect  imngc  on  the  I 
ig  dUUncea  of  the  object,  is  eatk-d  ila  jiower  of  j 
1 "  or  adjustment.  I'lninly  such  adjuatment  of  the 
4  ttikm  plant,  like  that  of  a  camera  obscura,  hj  cbiuigiiig 
pnciable  Axlent  the  iliatonco  of  the  leua  from  thu  screen 
tha  inaga  ja  lonoed.  It  mast  therefore  lake  place,  either 
by  tamoaing  Dm  indict*  uf  refraction  of  the  media  of  tbu  eye,  or 
b^  iBCTBaaiDif  tlie  curr&ture  of  one  or  more  of  the  refracting  surfaces. 
h  ia  Bov  known  to  be  4la«  to  changea  in  the  convexity  of  the  lens, 
fnadpkllj,  if  nut  wholly,  of  ilti  anlrrior  surface  The  [mslcrior 
nfn.  of  tkn  (eus  remaina  immoTcd.  There  are  sercral  methods  of 
oprnswot  which  dp4ii»n»lrnl«  that  in  nccummodatioti  for  mnv  dis- 
Iimm  liw  front  of  the  Loua  becomes  more  strongly  arched.  When 
■nanoodation  is  taking  place,  the  pupil  may  be  seen  not  oidy  to 
«Wnii,  bat  al>o  to  draw  itit  edgd  forwiinl.  Unlmbollx  ciilcidat«d 
Ikliuiaiil  itf  Uiia  fomrrl  movement  for  two  cases  at  about  ^^  and 
A<ifm  inrh,  n«pi»cti»ply.  Moreover,  by  nn  ingenioiia  contriranco 
»  r«flectMl  from  tlio  anterior  Murfoce  of  the  lena  may  bo 
I  smaller  and  more  distinct  on  adjoatmcnt 
I.  thii«  showing  tlint  the  Hurfoco  from  whicb  it  ia 
■  iiter«a«ed  it«  curvoture. 

•  that  the  uttchauiam  for  adjiiating  the  eye  must  bo  t 
I  oontml,  aineo  mljuBtmt^nt  ia  voluntnry  ;  and  tbat 
[  rauadc*  which  lie  iiithin  the  eyeball  The  ao- 
s  mneirniing  th«  nature  and  action  of  this  mechan- 
nipiiwd  by  Hrlmboltz.  This  Invcatigntor  MMumes 
^  tW  Iri.*.  mIikr  (he  eye  ts  at  rest,  does  not  have  the  form  whicJi 
••rt«j,,n,l,  u>  a  nindiliiin  of  e<)iiilibnum  in  il«  own  rlaatic  power. 
"a  wn  tuA  held  in  by  ita  Mirroundingn.  it  would  be  more  arehed 
1^  H  ia  both  before  and  behind.  But  it  is  kept  flattenol  by  the 
''■■ItMMOii  ot  lb*  <ti*ftf^i«nry  liijami^  :  when  tlit»  tr.n*inn  in  with- 
*••»  tbfl  koa  bMouMm  curved  by  ibe  action  of  its  own  elasticity 
iw  viliilnwa]  iif  th«  ttfnaion  ia  acroniplittbiol  by  the  action  of  tba 
^■■yvawU.  the  BbrM  »f  whicb  have  Ihmr  point  of  fliatiim  at  the 
**(*■<  tfc»  annxa.  and  mu  from  here  in  the  direction  of  a  merid- 
te  cqaator  o  flha  ey«.     ^^lien  the  ciliary  muacUi  oon- 
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tracts,  the  free  ends  of  its  fibres  are  drawn  tomrd  its  fixed  ends 
on  the  edge  of  the  cornea  ;  the  radial  tension  of  the  suspeneory  Ug- 
ament  is  thus  relaxed,  and  the  lens  is  allowed  to  aasume  its  natural 
form  under  the  equipoise  of  its  own  elastio  foicea. 


The  occulo-motor  nerve  furnishes  the  fibres  that  serve  the  cUiar; 
muscle  ;  these  fibres  run  in  the  posterior  strands  of  its  roobi.  Thar 
central  place  of  origin  is  in  the  posterior  part  of  the  floor  of  the 
third  ventricle  ;  stimulating  the  front  diviaion  of  this  part  produces 
accommodation  of  tiie  lens  ;  stimulating  the  back  division  of  the 
same  part  produces  contraction  of  the  pupils.  Stimulation  stiU 
further  back,  where  the  third  Tcntricle  passes  into  the  aqueduct  of 
Sylvius,  produces  contraction  of  the  internal  rectus  muscle  of  the 
eye  ;  and  the  innervation  of  this  muscle  is,  of  course,  regularly  con- 
nected with  adjustment  for  near  distances.  Thus  &U  the  mechan- 
ism of  accommodation,  both  tiist  of  the  central  organs  and  that  of 
the  end-organs,  is  made  to  work  together  for  the  production  of  an 
image  upon  the  retina. 

§  18.  Given  the  formation  of  the  image  upon  the  retina,  it  is  fur- 
ther required  in  order  to  vision  that  this  physical  process  should 
be  changed  into  a  physiological  process.  We  now  examine  brie£j 
the  mechanism  by  which  such  a  change  is  accomplished.  [The 
reader  is  referred  to  the  larger  specific  treatises  for  the  detailed 
theory  of  the  schematic,  the  emmetropic,  the  myopic,  and  the  hy- 
permetropic eye.]  The  retina,  or  inner  tunic  of  the  eye,  contains 
the  nervous  elements  by  whose  action  the  system  of  refracted  rays 
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border  toward  the  TitreooB  body ;  (2)  Uie 
layer  of  optic  nertx-fibrea  distributed  from 
the  papilla  where  this  nerve  brealm  in 
through  the  tunica  of  the  eye ;  (3)  the 
ganglion-cell  layer ;  (4)  the  inner  molecular 
layer  ;  (5)  the  inner  nut:iear  layer ;  (6)  the 

I  outer  molecular  layer;  (7)  the  outer  nu- 
clear layer;  (8)  the  membrana  limiiatu 
externa ;  (9)  the  bacill&ry  layer,  or  layer 
of  rode  and  cones ;  (10)  the  pigment-^iA^ 
Hum  layer.  The  membranes  (Nos.  (1) 
and  (6))  are  not  really  uniaterrupted 
layers,  but  an  extremely  fine  network. 

By  no  means  all  the  retinal  aubstance 
is  nervous.  Indeed,  the  nnmerous  radial 
fibres  {^es  of  Mailer)   which  seem  to 

,  penetrate  its  entire  thicknesa  are  now  held 
to  be  in  great  part  elementa  of  the  sup- 
porting tissue ;  moreover,  the  whole  con- 
nective substance  is  a  kind  of  sponge-like 
tissue,  in  the  gaps  of  which  the  ti-ue  ner- 
vous elements  lie  embedded.     The  gaps 

^  thus  filled  are  especially  large  in  the 
second,  third,  fifth,  and  seventh  layers, 

A  description  of  the  undoubtedly  ner- 
vous elements  of  the  retina  includes  the 
following  particulars :  (a)  The  retinal 
fibres  of  the  optic  nerve  lie  parallel  to  the 
surface,  are  non-meduUated,  and  extreme- 
ly fine  ;  in  general,  they  are  arranged  in 
ray-like  bundles,  radiating  on  all  sides 
from   the  place  of  the  entrance  of  the 

y  nerve.     The  arrangement  is  special  at  the 

yellow  spot,  so  as  to  surround,  and  not 

s  cover  iL    This  nerve-fibre  layer  is  thickest 

at  the  papilla  of  the  retina,  and  diminishes 

continuously  from  this  spot  toward  the 

ora  setrata ;  at  about  one-third   of  Uie 

distance  it  becomes  single,     (b)  The  gan- 

glioii-cells,  wliich  form  the  principal  part 

I  of  layer  No.  3,  like  tlie  multipolar  cells  of 

L.  the   rest   of   the    cerebro-spinal    system, 

"  have  one  large  process  of  more  traiu- 
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Thm  procesa  snlxlivides  into  fibrils  of  T&DUbmg 
r  and  an.'  lout  iu  the  uest  layer.  At  Die  jellow 
eight  or  t«n  deep  :  from  this  r«ntrc  thoT  dimin- 
i  on  Mtimln,  where  Bixices  are  found  between  the 
(e)'nie  nermoa  dements  of  the  inner  moltieulur  layer  (No.  i) 
■n  acitdaarlj  mada  oaL  Tliey  probably  comtixt  of  extremely  fine 
whudi  an  connected  with  the  external  processes  of  the 
(ft)  Moat  of  the  nucleus-like  bodies  of  the  inner 
r  bjw  (So.  5)  are  probably  neirous.  Each  such  body  haa 
l«D  pwiwwi  one  ilireclsd  inward,  the  other  outward.  The 
lonaxt  ia  thought  to  be  connected  with  the  filauieota  of  the 
liww  (No.  4),  and  the  latter  witli  those  of  the  outer  (No.  6)  molee- 
«kr  layer.  («)  In  llio  outer  molec- 
lAff  lay«  (No.  fl)  are  nervous  fila- 
■MW.  lilw  tboM  in  No.  4,  which  are 
fnhabiy  eatweetod  witli  the  external 
fnaaaaaa  of  tba  inner  nuclear  layer. 
Ban  are  alao  fauml  nnmoroua  atnr- 
Aapetl  cdk  probably  not  nenroua. 
(/I  In  tba  outer  nuelear  layer  (No. 
')  Ibe  Dixloabladly  nerruua  ril(.-m<'ntB 
(■vpoadenta  Each  uncle  UM-lilce 
body  ici  tfaia  iaytr  ia  connected  by  a 
ndUl  thn  with  omi  of  the  nervoua 
iliaaati  of  the  rod-and-cone  layer 
(Na  9y.  Tbeae  titwiMr  bodies  are 
aDad  nd-ynMuif»  and  oonc-jfranif/cK 

wiMMJlitalT,  and  an  lo  be  diatin-  na.  H^nu«iann>UB  iiorttm  ot  im 
fiMierl,  wit  only  ay  their  connection  »•/,.  hwwuk)  t,  f-h  .<f  ■*>»  ■■■ 
*itfc  tbaw  elenmta,  bat  aim  by  I^^r^ud^X"  iMk^  S!^ 
IMr  «aa  aikd  postion ;  the  latter  are  S;:j:;::'',l^„r;;::,^;:i;2r/E5K^ 
ktftr,  and  lie  on  the  nwre  eriemal  E;^^' ""  '"•"^^  "  '*"''  " 
•da  ef  Um  Uyor.    (>/)  The  Uyer  of 

Mda  aed  eonea  (So.  9)  ronnsla  of  a  multitude  of  elongated  bodies 
■OMfMl  aide  by  aide,  tike  rotra  of  palitutden,  with  their  lar^nrt  ex- 
1— ii«  ID  tba  ndia)  direetion.  TbeM  bodiiit  are  uf  two  kinds — 
wa  cyliadncal.  and  called  "  roda  of  the  retina,"  the  other  ralber 
faA^i«|Md,  and  aUled  "oonee  of  the  retina." 

Tba  foda  extend  tbe  entire  tliickiiMa  of  the  hiyer,  and  are  aboul 
7^  iDcfa  in  teo^tb,  bat  tbe  eonea  ate  aborter ;  the   rods  are  , 
■beat  jj^w%  UM=^  io  diameter,  the  smallMt  cnnea  of  the  central 
4^»«aBmi  nln  u^ch.    The  inner  eodi  of  botb  are  nonlinuoua 
««fc  Ibc  nd^brea  and  oone-fibrte  of  the  outer  nuclear  layer. 
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Each  rod  or  cose  is  composed  of  an  inner  and  outer  segmenE 
or  limb ;  the  latter  is  highly  refractile,  the  fcmner  only  feebly  aa 
The  inner  limbs  appear  under  the  microscope  like  a  masa  of  pro- 
toplasm. The  appearance  of  a  most  delicate  longitudinal  line  in 
the  inner  and  outer  aegmenta  has  led  te  the  belief  that  a  nerra- 
fibril  is,  aa  it  were,  drawn  through  their  aziB.     The  description 


rta  ET     Roll 


R«t<ii>.    (Schnltic.) 


(SdiDltia.)     Tb«  a 


of  the  two  shows  that  there  is  no  essential  anatomical  diffierenoe 
between  the  rods  and  cones ;  nor  are  we  able  to  distinguish  any 
different^  in  their  physiological  significance.  The  distribution  of 
the  two  elements  is  different  for  different  parts  of  the  retina.  In 
the  yellow  spot  only  cones  appear,  but  these  are  of  more  slender 
form,  and  of  increased  length,  so  that  not  less  than  one  million  are 
suppoaed  to  be  set  in  a  square  ^  inch ; '  while  not  far  from  this 
■  8m  L«  Conte,  Sight,  p.  56.    New  York,  1881. 


.tow   SPOT   AND   BMND   SPOT. 

t  each  cone  is  rarrounded  by  a  crown -slmpeil  Imnlor  of  roda 
ward  tbe  ora  seiratn  tlie  cones  become  continuaUy  rarer.     la 
I  conn  action  wiUt  tbe 
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and   cnnrtt   nUnd  the  ^ 
B  of  tli«  iiij^eiil-rpithe- 
Tliesa  cells    fonn  a.  ' 
reg^ular  moaaic  of  flat,  b 
aided  rella.  which  send  out  ', 
pogmenteil     proitwies     ] 
tween  tbe  out«r  Limbs  of  the 
rods  and  ronM.  ' 

The    fibres   of  the   optic 
^  are   supposed    to   be 

i  with  the  rojlii  and  conea  by  menns  of  the  f^ngl inn  cells, 

of  the  mdial  fibres  in  which  the  gmn ides  of  the  outer  and  inner 

piclear  layers  are  embedded. 

^  20.  Two  minute  portions  of  the  tuner  snrfnce  of  the  retina  re- 

e  to  lie  distinjfuiaheil  from  the  rest  of  its  nrea  ;  tbe  yellow  spot 

mamla  Itiiea)  and  tbe  "  blind  spot "  ( papilla  nplica).    Tbe  yellow  spot 

B  Cfc       is  of  o?al  sliape,  a)>out  ■,",  of  an 

inch  in  its  long  diameter,  aud  has 

in  Ihe  centre  a  dppri'iwion  called 

tbe/oi.'M  ct'ntraltK    It  is  tbe  place 

of  clearest  viaion.  and  the  pliysi- 

ologicid  centre  of  the  eye.    About 

-J  of  on  inch  inside  tbe  eye  from 

the  middle  of  the  yellow  spot  is 

the  middle  of  tbe  pnpilla,  or  place 

where  tbe  optic  nerve  breaks  into 

the   retina.     The  blind  «po(,   or 

portion  of  tbe  retina  wbicb  can 

l>e  experimentAlly  abowu    to  bo 

-Bjwt<.rl.lB«Unnnf».IllrtiKT«.      ■  *^..  .  r  .  ,  , 

nr  itiK  ivtnru  dt  uo  DI)Cl<^  iwa,  in.    inoperative   in    vision,  has   been 
^mlJ  iBU«.'"yi^  iRnii»,j  s^itiotie:    proved    by    Helmboltz  to  corre- 
*'  spond  in  both  size  and  shape  to 

''*».t  covered  by  this  papilla.     Its  diameter  is  about  -^^  or  ,',  of  an 
-fc,  varying  considerably  fnr  different  eyes.     It  is  wanting  in  all 
iierrous  elements. 
•  21.  In  answer  to  the  ([iiestion.  ^Vltat  elements  of  tbe  retina  are 
fecily  affected  by  the  Hgiit?  both  anatomy  and  physiology  refer 
I  layer  of  rods  and  cones.     This  layer  alone  posseseca  that 
c  nerroiis  structure  which  appears  to  correspond  to  tbe  de- 
■  made  upon  the  eud-apiiaratus  of  nsion.     It  can  be  demon- 
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strated  that  the  waves  of  light  pass  through  the  stmctore  of  the 
retina,  and  that  the  nervous  process  must  begin  in  the  back  part  of 
this  structure.  Indeed,  it  is  possible,  by  an  experiment  (devised  by 
Purkinje),  to  perceive  with  one's  own  retina  the  aborescent  figure 
formed  by  the  shadow  of  the  blood-vessels  expanded  upon  its  front 
part 

§  22.  We  have  already  seen  (Chapter  L,  §§  14,  15)  that  a  chemi- 
cal process  may  reasonably  be  conjectured  to  accompany  the  action 
of  the  nerves  in  general.  Undoubtedly  a  photo-chemical  process 
is  concerned  in  vision.  But  after  all  the  careful  researches  of  many 
observei-s,  especially  of  Ktlhne  *  and  his  pupils — it  is  difficult  to 
point  to  any  results  of  chemical  investigation  which  serve  better  to 
define  the  exact  nature  of  the  physiological  action  of  the  end-or- 
gans of  the  eye.  The  relation  of  the  light  to  any  chemical  pro- 
cesses which  may  take  place  in  the  gray  substance  of  the  retina  can 
be  only  indirect.  The  opto-chemical  hypothesis  must,  therefore, 
regard  the  epithelial  cells,  with  which  the  end-fibrils  of  the  optic 
nerve  are  in  physiological  connection,  as  the  bearers  {ledger)  of  cer- 
tain photo-chemically  decomposable  materials  or  visual  substances 
(Sehstoffe) ;  these  substances,  however,  cannot  excite  chemically 
the  irritable  part  of  the  visual  cells — the  protoplasm  of  the  inner 
limbs  of  the  rods  and  cones — without  being  themselves  decomposed. 
Visual  substance  is  necessarily  some  kind  of  matter  easily  decom- 
posable by  light,  or  chemically  sensitive  to  light.  The  first  process, 
then,  in  the  excitation  of  the  optic  nerve,  is  the  decomposition  by 
the  light  of  some  substance  found  in  certain  epithelial  elements  of 
the  retina.  The  second  process  is  the  action,  as  visual  excitants 
(Sehreger),  of  the  decomposition-products  of  the  epithelial  cells 
upon  the  protoplasm  of  the  end-organs.  But  in  order  that  such 
decomposition -products  may  act  as  excitants  of  the  end-organs  of 
vision,  the  visual  substance  must  be  rightly  placed — ^that  is,  it  must 
be  in  local  connection  with  the  protoplasm  of  the  outer  limbs  of 
the  rods  and  cones.  The  relation  of  the  two  last>Iayers  of  the 
retina  is  such  as  to  secure  this  necessary  connection.  We  are  as 
yet  unable,  however,  to  say  what  are  the  visual  substances  which 
the  successful  working  of  the  opto-chemical  hypothesis  demand& 
The  location  of  the  pigmentum  nigrum,  and  the  olianges  produced 
in  it  by  light,  favor  the  conjecture  that  this  substance  is  of  the 
most  fundamental  and  general  importance  for  visual  sensationa 
Visual  purple  may  also  be  supposed  to  be  a  visual  substance.  The 
fact  that  light  of  diffei-ent  wave-lengths  effects- changes  in  this  pig- 

'  The  few  statements  here  given  are  taken  for  the  most  part  from  the  article 
of  this  investigator  in  Hermann's  Handb.  d.  Physiol.,  IIL,  L,  pp.  285  ff. 
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ment  with  different  degrees  of  speed,  suggests  the  view  that  it  is 
related  to  the  susceptibility  of  the  eye  for  different  colors.  But 
since  invertebrates  do  not  have  the  visual  purple  ;  since  the  cones 
(a  thing  which  no  one  doubts)  see  without  this  purple,  and  since 
the  rods  of  some  animals,  such  as  hens  and  doves,  and  the  rods  of 
the  ora  serrata,  perform  their  functions  without  it,  tbis  pigment 
can  scarcely  be  said  to  be  the  onlij  visual  substance.  The  opto-chem- 
ical  hypothesis,  then,  seems  to  require  several  colored  visual  sub- 
stancea  Moreover,  since  animals  can  see  with  bleached  retinas, 
and  albinos  have  the  power  of  vision,  we  are  compelled  to  assume 
also  a  colorless  visual  pigment  As  to  the  nature  of  the  chemical 
changes  necessary  to  be  produced  in  the  protoplasm  of  the  outer 
limbs  of  the  rods  and  cones  by  the  action  of  the  decomposition- 
products  of  the  visual  substances,  we  are  quite  ignorant 

§  23.  The  end-organ  of  hearing  is  the  Ear.  But  in  this  case,  as 
in  that  of  the  eye,  a  very  large  part  of  the  apparatus  of  sense  is  sig- 
nificant simply  as  a  contrivance  for  applying  the  stimulus  to  the 
true  end-organ,  to  the  differentiations  of  epithelial  cells  and  nervoua 
oeUs  connected  with  the  terminal  fibrils  of  the  sensory  ner\'e.  The 
entire  human  ear  consists  of  three  parts,  or  ears  ;  namely,  the  ex- 
ternal ear,  the  middle  ear,  or  tympanum,  and  the  inner  ear,  which 
is  also  called  the  "  labyrinth,"  from  its  complex  construction. 

L  The  External  Ear — exclusive  of  the  cartilaginous  plate  which  is 
extended  from  the  side  of  the  head — consists  of  (a)  the  concha,  a 
deep  hollow,  and  (6)  the  exteimal  meatus,  or  passage  leading  from  the 
bottom  of  this  hollow  to  the  drum  of  the  ear.  Tlie  concha  is  prob- 
ably of  little  or  no  use  in  sharpening  our  perceptions  of  sound  ; 
for  if  a  tube  be  inserted  so  as  to  secure  a  canal  for  the  air  to  the 
drum  of  the  ear,  the  entire  concha  may  be  filled  with  wax,  and  the 
result  is  to  increase  rather  than  diminish  the  sharpness  of  the 
sound.  It  is  possible,  however,  that  vibrations  of  more  than  one 
thousand  in  a  second  are  concentrated  by  reflection  '  from  the  con- 
cha. The  external  ear  appears  to  bo  of  some  service  in  perceiv- 
ing the  direction  of  sound.  Rinne*s  expeiiments  seem  to  show 
that — as  Harless '  thought — the  cartilage  of  the  ear  can  be  thrown 
into  sympathetic  vibration  with  certain  acoustic  waves,  and  so  re- 
inforce the  sound.  At  best,  how^ever  such  work  done  by  the  con- 
cha  is  small. 

The  most  patent  office  of  the  external  meatus  is  the  protection 
of  the  ear-drum  ;  the  passage  is  so  curved  that  the  drum  cannot  be 

'  See  Hensen.  Physiologie   d.  Gehors,  in   IIerinaiiii\s  Ilandb.    d.   Pliysiol., 
m.,  ii.,  p.  28. 
*  Artiole  Hdren,  in  Wagner^s  Handworterbuch  d.  Physiol.,  IV  ,  1853. 
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reached  from  the  outside  in  a  straight  line.  Helmboltz  called  at- 
tention to  the  fact  that  certain  tones  of  a  high  pitch  resound 
strongly  in  the  ear  when  the  meatus  ia  of  normal  length,  but  cease 
BO  to  resound  when  its  length  is  increased  artificiallj.  The  meatos 
probably,  therefore,  modifies  certtun  tones  by  ibs  own  resonant 
action — strengthening  the  high  ones,  and  deadening  the  low,  in 
some  degree. 

Various  simple  experiments — such  as  pladng  a  resounding  body 
in  contact  with  tbo  teeth — ^prove  that  the  aurrounding  ca«nial  boDes 
conduct  sound  to  'mt  ear.  It  is  probable,  however,  that  the  path 
of  such  conduction  is  not,  for  the  most  part,  as  was  formerly  sap- 
posed,  direcUy  to  the  inner  ear  by  way  of  the  cranial  and  petrous 
bones,  but  indirectly,  through  the  ear-drum  and  bones  of  the  middle 
ear  to  the  fenestra  ovalis.  The  amount  of  direct  conduction  pos- 
sible, baa  not  as  yet  been  determined  preciaely. 

g  24.  IL  The  Middle  Ear,  or  Tympanum,  is  a  chamber  irregu- 
larly cuboidal  in  form,  and  situated  in  the  temporal  bone,  between 
tiie  bottom  of  the  meatus  and  the  inner  ear.    Its  outer  wall  is  (a) 


the  membrana  (ympaiit,  which  coneiBta  of  three  layers~-an  external 
tegumentary,  an  internal  mucoua,  and  the  intei-mediato  membrana 
propria,  composed  of  unyielding  fibres  arranged  both  radially  and 
circularly.  In  the  inner  wall,  Trhich  separates  the  tympanum  from 
the  labyrinth,  are  two  openings  or  windowa— the  fenestra  ovalit, 
which  corresponds  to  the  vestibule  of  the  labyrinth,  and  the /enesfra 
rotunda,  which  corresponds  to  the  tympanic  passage  in  the  cochlea. 
Near  its  anterior  part  the  tympanum  opens  into  (b)  the  j 
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lube,  a  CMial  which  aommnnicatefl  with  the  mtoBl  oompartment  of 
the  jAiajyja. 

(c)  The  aaditoi;  bonea  are  three  in  number,  cftlled  MaUevn, 
bKu*,  and  Stapes,  and  airanged  so  as  to  form  on  irregular  chain 
stretched  acroes  the  cavity  from  the  outer  to  the  inner  wall  of  the 
tympanum.  The  malleus  has  a  head,  separated  by  a  constricted 
neck  from  an  elongated  handle  ;  iis  handle  is  connected  with  the 
centre  of  the  membrana  tympani ;  its  head  articulates  with  the  in- 
cus. The  incus  has  a  body  and  two  prooessea.  Od  the  front  sur- 
face of  the  body  ia  a  saddle-shaped  hollow,  in  '  nioh  the  head  of 
the  malleus  fits ;  the  short  process  is  bound  by  a  ligament  to  the 
poeterior  wall  of  the  tympanum  ;  the 
long  process  ends  in  a  rounded  pro-  ^  I 

jection  {os  orbiculare)  through  which 
it  articulates  with  the  stapes.    The  , 

stapes,  or  stirrup-shaped  bone,  has  *^  '~~' 
a  head  and  neck,  a  base  and  two 
crura.  The  head  articulates  with 
the  incus ;  from  the  constricted  neck 
the  two  crura  curve  inward  to  the 
base,  which  is  attached  to  the  fenes- 
tra oralis.  These  bones  are  moved 
on  ttach  other  at  their  joints  by  (d) 
twoorthree  small  muscles — the  (en-  ^    .,     „   "..,.  «  ,    ,^^ 

Fio.  S4.— Bonn  of  Ihe  Kir,  u  ««iln  (b*It 

Ktr  tympani,  the  aiapediuH,  B.na,  more  nmnociuw  fn™  in  fmnt.  </,.  (Hmie.) 
doubtfully,  the /axo/orfympaiii.  Tlie  •nd  ntho  lonn',  pi™™:  i-,  im  nmy,  .n.i 
first  of  these  ia  inserted  into  the  •impettprociaui"arbiraiaru.r'M^x^i'vt 
malleus,  near  the  root,  and  serves  to  iEJ'hSS!  M°^hri^ng"^™i\r"rMrn"hS 
tighten  the  tympanic  membrane  by  »[Ji'ia™r<i-^  "'*"  ''""""''  "'"'  "* 
drawing  the  handle  of  the  malleus 

inward  ;  tbe  stapedius  is  insertetl  into  the  neck  of  the  stapes, 
but  its  function  is  doubtful — apparently  it  draws  the  stapes  from 
the  fenestra  ovnlis,  and  so  diminishes  the  pressure  of  the  chain 
of  bones  in  that  direction.  The  laxator  tympnni  is  inserted  into 
the  neck  of  the  same  bone,  and  its  action  has  been  supposed  by 
some  to  be  antagonistic  to  that  of  the  tensor  tympani ;  but  its 
muscular  character  is  now  denied  by  moat  observers. 

g  26.  The  general  ofBce  of  the  tympanum  may  be  described  as 
that  of  transmitting  the  acoustic  waves  to  the  inner  ear,  while  at  the 
same  time  modifying  their  character.  Some  modi6cation  is  neces- 
sary in  order  that  these  waves  may  occasion  such  vibrations  in  the 
elements  of  the  inner  ear  as  shall  be  adapted  for  the  excitation  of 
its  end-organs.     The  acoustic  motion  of  tbe  molecules  of  air,  in  the 
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form  in  which  it  reaches  the  ear-drum,  has  a  large  amplitude,  but 
a  small  degree  of  intensity.  This  motion  must  be  changed  into  one 
of  smaller  amplitude  and  greater  intensity  ;  and  it  must  be  trans- 
mitted, with  as  little  loss  as  possible,  to  the  fluids  of  the  labyrinth. 
The  transmitting  vibrating  media  must  also  have  the  power  of  an- 
swering to  the  different  tones  of  any  pitch  perceptible  by  the  ear. 
The  description  of  the  manner  in  which  this  apparatus  of  membrane 
and  bones  solves  so  complicated  a  mechanical  problem  belongs  to 
the  physics  of  anatomy ;  it  has  been  worked  out  with  great  detail 
by  Helmholtz  and  others,  although  certain  points  still  remain  un- 
solved.    We  can  here  only  indicate  one  or  two  particular& 

A  flat  membrane,  evenly  stretched,  whose  mass  is  small  in  pro- 
portion to  the  size  of  its  superficies,  is  easily  thrown  into  vibration 
by  the  impact  of  acoustic  waves  upon  one  of  its  sidea  Such  a 
membrane  responds  readily  to  tones  which  approach  its  own  funda- 
mental tone  ;  but  if  divergent  tones  are  sounded  the  membrane  is 
imaffected  A  motion  which  consists  of  a  series  of  harmonious 
partial  tones  cannot  then  be  repeated  by  such  a  membrane  in  the 
form  in  which  the  air  brings  it.  If,  then,  the  membrane  of  the 
tympanum  were  not  so  arranged  and  connected  as  to  have  no  pre- 
ponderating tone  of  its  own,  it  could  not  be  the  medium  of  our 
hearing  a  great  variety  of  tones.  The  property  of  taking  up  with 
the  vibrations,  as  it  were,  of  a  large  scale  of  tones  is  secured  for  the 
tympanum  by  its  funnel-shaped  form  and  by  its  being  loaded.  It 
is  contracted  inward  into  a  depression  of  the  right  shape  by  means 
of  the  handle  of  the  hammer ;  it  is  therefore  unequally  and  only 
slightly  stretched,  and  has  no  fundamental  tone.  It  is  also  load- 
ed with  the  auditory  bones,  which  deprive  it  of  every  trace  of  such 
a  tone  and  act  as  dampei*s  to  prevent  long-continued  vibrating. 
Moreover,  since  the  apex  of  its  funnel  bulges  inward,  the  force  of 
the  vibrations  from  all  sides  is  concentrated  in  vibrations  of  greater 
intensity  in  the  centre,  where  it  is  spent  in  setting  the  chain  of  ear- 
bones  in  motion. 

The  acoustic  vibrations  of  the  auditory  bones,  which  are  occa- 
sioned by  the  movements  of  the  ear-drum,  are  not  longitudinal, 
but  transverse  ;  they  do  not,  however,  resemble  the  vibrations  of  a 
stretched  cord  or  a  fixed  pin.  They  do  not  vibrate  by  reason  of 
their  elasticity,  but  like  very  light  small  levers — vibrating  as  a  sys- 
tem, with  a  simultaneous  motion  luround  a  common  axi&  Direct 
observation  of  these  bones  in  motion  shows  that  their  sympathetic 
vibrations  vary  greatly  for  tones  of  different  pitch  and  similar  in- 
tensity, from  a  scarcely  observable  motion  to  a  surprisingly  great 
elongation. 
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The  effect  of  the  mascles  of  the  tjmpanam  upon  the  transmia- 
sion  of  tones  of  different  pitch  is  not  as  jet  clearly  demonstrated. 
In  general,  the  stretching  of  the  tensor  muscle,  within  the  limits 
which  have  thus  far  been  investigated,  seems  to  weaken  the  higher 
much  less  than  the  lower  tones.  But  the  tension  of  the  drum  un- 
der the  influence  of  this  muscle  does  not  indicate  the  slightest 
change  on  passing  from  low  to  high  tones.  The  stretching  of  the 
tendon  of  the  stapedius  muscle  has  no  observable  influence  on  the 
acoustic  vibrations  of  the  tympanum. 

§  26.  The  Eustachian  Tube,  when  in  its  normal  position,  is  neither 
closely  shut  nor  wide  open.  Its  office  is  to  effect  a  renewal  of  the 
air  in  the  tympanum,  to  maintain  the  equilibrium  of  atmospheric 
pressure  on  both  sides  of  the  tympanic  membrane,  and  to  convey 
away  the  fluids  which  collect  in  the  tympanic  cavity.  If  it  re- 
mained open,  so  as  to  permit  the  acoustic  waves  of  the  air  from  the 
mouth  to  enter,  our  own  voices  would  be  beard  as  a  roaring  sound, 
and  the  passage  of  air  inward  and  outward  during  respiration 
would  affect  the  position  and  tension  of  the  tympanic  membrane. 
That  it  is  opened,  however,  on  swallowing,  Valsalva  proved  two 
centuries  ago.  For  if  we  keep  the  nose  and  mouth  closed  and  then 
swallow,  with  the  cheeks  blown  violently  out,  a  feeling  of  press- 
ure is  felt  in  the  ears  and  the  hearing  is  weakened.  These  effects 
are  due  to  the  forcing  of  the  air  through  the  Eustachian  tube  into 
the  tympanic  cavity.  The  tube  is  thus  of  indirect  service  in  re- 
spect to  the  physiological  functions  of  the  middle  ear. 

§  27.  IIL  The  Internal  Eiir,  or  Labyrinth,  is  the  complex  organ 
in  which  the  terminal  fibrils  of  the  auditor}'  nerve  are  distributed 
and  the  end-organs  of  hearing  situated.  It  lies  in  a  series  of  cav- 
ities channelled  out  of  the  petrous  bone.  It  consists  of  three  parts 
— the  Vestibule,  the  Semicircular  Canals,  and  the  Cochlea.  In  each 
osseous  part  a  membranous  part  is  suspended,  corresponding  to  it 
in  shape,  but  filling  only  a  smidl  portion  of  the  bony  cavity  which 
contains  it.  It  is  in  the  labyrinth  that  the  acoustic  waves  trans- 
mitted by  the  tympanum  are  analysed  and  changed  from  a  physi- 
cal molecular  process  to  a  nerve-commotion,  by  the  specitd  end- 
apparatus  of  hearing. 

(A)  The  Vestibule  is  the  central  cavity  of  the  internal  ear  ;  it  is 
the  part  of  the  labyrinth  which  appeai-s  first  in  animals  and  is  most 
constant  The  membranous  vestibule  is  composed  of  two  sac-like 
dilatations — the  upper  and  larger  of  which  is  named  ylricnlu!<y  the 
lower  sacculus.  In  its  outer  wall  is  the  fenestra  ovalis  ;  its  anterior 
wall  communicates  with  the  scala  v^'ntibuli  of  the  cochlea,  and  at  its 
posterior  wall  the  fine  orifices  of  (B)  the  Semicircular  Canals  open 
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into  the  ntricnlnB.  These  oanaU  are  three  ia  nnmber,  ate  bent  to 
aa  to  form  nearl;  two-thirds  of  a  circle^  and  are  about  an  inch  in 
length  and  jt^  of  an  inch  in  diameter.     The;  are  called  the  mpO' 


nor,  the  posterior  or  vertical,  and  the  external  or  horizontal  canala. 
The  conti^ous  ends  of  the  superior  and  posterior  c&nals  blend  to- 
gether and  have  a  common  orifice  into  the  veetibule.     The;  all 


liave  a  regular  relative  position,  their  planes  being  at  right  angles 
to  each  other.  Near  the  vestibule  thej  dilate  to  about  twice  their 
average  diameter  and  form  the  so-called  ampuike.   Both  the  oaseotia 
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md  the  n 


Et  fluid  (I 


e  perilymph),  to 

It  Um  nienbmiioiu  vestibule  and  canals  are  Huspended  ;  the 

s  lali/TiiiUi  ttt  also  di>it«nd(Ml  with  n  similar  duid  (tbe 

(C)  "Tbn  Corbies  ia  by  far  the  moat  comjilex  part  of  the  lab;- 
nsth  ;  it  ■•  about  |  of  an  inch  long,  and  is  ehnped  like  the  shell  of 
a  mmiuaa  mail  It,  too.'oonsista  of  u  niembrauuuB  uar  embedded  in 
As  oMBOQs  esvitj.  Tbo  whole  pasBOf't!  of  thd  ciichlea  ia  imperfectly 
dtvidad  into  two  canals  \>y  a  puiition-wull  of  bone,  whitli  is  wound 
If  tinss  aroond  an  axis  (the  modiolus),  from  the  base  to  the  apex, 
■MBtviiat  like  a  apinl  Btair^»ae.  It  is  called  the  osseous  fanitrut 
fsrafis.  Of  tlw  l«ro  canalit  or  passages  thus  formed,  the  one  which 
tmem  Ifae  base  of  the  eoclilea  is  called  tlie  mxUa  ttjmpani  ;  sUlce  it 
has  ■!■  uriifiD  in  tbe  cir- 
■olar  ^MTtnre  (foMatra 
nitaada)  wfaiefa  leads  to 
Ihatyrnpuiiccavit^r.  The 
otlwtr,  wbidi   faoca  to-   ' 

wild  tbe  ai.ei.   o|ieua    I  '""'   2/     ._  _T".  ^«-^._??>  . 

i>lB  Ika  vsatibolii,  and 
ii  alM  tb«  msAi  mfi- 
Mi.  At  the  apex  of  tlw 
eocUstt  thasa  two  snbo 
*———''-*-  Willi  aacb 
elbar  Uirmi^  a  bibbD 
bds  {halkuMrrm*).  The 
ditvrion  of  tba  uwra- 
tnoooa  eocfaka  is  com-  ' 
fislad  bjr  a  mrahnno 
(Ik*  htmiar  nurai&rviM,  Or  membmuous  spiral  lamina),  which  bridges 
tks  iaiHTul  IwtwMa  tlw  friw  edge  of  Uie  oaKxnua  siiinit  lamina  and 
IW  oatMr  wsU  of  tba  powago  -.  it  in  nttoclied  to  ttiiii  wall  \>y  tlie  spiral 
llpaMOL  Aootlier  membrnnu  (the  mfmfirane  of  /.Vijwno-)  ariaefl 
bim  a  a[«nl  cn«t  (limbus.  or  crUla  ttpxralxi)  attached  in  lbs  froe 
•!(•  of  tlta  ovMoiu  lamina,  and  rxtttods  to  tbe  upiml  liifament,  so 
W  to  farm  a  amall  aquniui^t  lietwuen  it  and  tbe  basilsr  mcmbrana 
(Aa  «(Bk  tmi^KtnUa.  or  ilneiu*  coehltaru,  or  canal  of  tho  mclilca). 
Il  ia  in  Iba  natiliule,  in  the  ampullv  of  thn  canala,  and  in  the  scala 
iHiTt^Ha  tfaftt  lite  nrmius  vnd-organa  of  bearing  are  to  be  found. 

I H.  Um  auditor?  nerre,  on  approachini;  tbe  labrrinth,  ilivides 
ialo  a  natibnUr  su*l  a  cochlear  dinslon.  The  former  enteri  the 
w^iliiils  and  iabdiTii)<>«  into  five  branobtB — one  for  tho  ntnculoa, 
Me  bt  IIh  mm  inline,  nod  one  for  eaob  of  the  three  ouipulhs.     In 
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each  of  these  dilntntions  the  membranous  wall  formsftprojec 
ridge,  called  the  criala  acoustica.  The  endothelial  iDvestmeDt  of 
the  crista  is  elongated  into  columnar  cells,  intercalated  between 
which  are  fusiforui  cella.  Each  of  the  latter,  according  to  Max 
Schultze,  and  others,  has  the  peripheral  and  the  central  process 
with  whicli  we  are  already  familiar  in  the  nene-cells  of  other  end- 
orgttuH  of  fiense.  The  peripheral  proceae  projects  into  the  endo^— 
Ijmph  as  an  auditai 
hair-,  while  the  centtO 
extends  into  the  Bubeiid(H 
thelial  tissue  where  the 
nerve-plusus  of  tlie  audi- 
tory nerve  ramifies,  with 
the  terminal  branches  oi 
which  it  ia  probably  c 
tinuouB.  According  i 
more  recent  obBcrver^ 
(HelziuB  and  others)  the 
auditory  haira  are  con- 
nected with  the  columnar 
celts,  and  do  not  project 
into  tlio  cndoljTuph,  but 
into  a  soft  material  of  la^ 
distinctly  fibrillar  £ 
ure.  The  inner  sorfaa 
of  the  epithelium  of  tl 
crista  is  thus  clothed  with 
a  thick-set  "  wood  "  of 
;Tul!r:  these  hairs.  MaxSchultM_ 
'';_  found  their  length  to  1  ~ 
about  jI^  inch — their  ii 
timate  ends,  however,  b 
ing  too  fine  to  discriminate.  Calcareous  portieleB.  called  ' 
stones  "  {otiilithf)  appear  in  both  saccido  and  utricle,  embedded  in 
a  soft  matrix  and  lying  in  cootAct  with  the  nerv'e- epithelium.  In 
the  vestibule  the  hair-like  prolongations  of  the  epithelial  cells  S 
more  wanty  tlian  in  the  ampulla<. 

g  29.  The  terminal  nerrtMipparatus  of  the  cochlea  is  even  ft 
more  complicativl  and  remarkable.  The  cochlear  branch  of  t 
nuditorA-  nene  jiierces  the  axis  of  the  cochlea  (modiolus)  and  gives 
ofT  latcDkl  Lrauchea  which  pass  into  the  twnals  of  the  osseous  spiml 
inembrnne.  Hi're  thi<y  rndiate  to  tlie  membranous  spiral  lamiiib 
atiil  an-  conuccted  with  a  ganglion  of  nerve-cells  ;  beyond  the  g 
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,  from  which  tho  c]«U<!at« 
hUi   anil    becoming  extremely 
hgnp  in  th«  <fHge  nt  tlio  lamina 
mectiou  of  their  ultiiuitte  nhrila 
#ffil  Ifce  eofi»«allB  of  tbia  orgAH  ma;  be  aaaumed,  but  is  difiicult  to 


Hw  oryon  ^  Oorti  in  niLtinLril  nn  tluit  surfiice  (>f   the  iMnlnr 
■DODbraae  which  i»  dinwted  tuwani  the  ductus  cochloaria.    Ita 
B  a  wondorful  orrangeiueDt  of  cella     Some  of  these  cells 
1,  «loBgmt«d.  uid  phu^ed  in  two  grouiM— an  innnr  nnd  mo 
Tiny  aro  ealle<l  Uie  "roda,"  or  "  i)jllara.'"  or  "jibr^  of 


'  "i  T<i'  '  •  lU  of  the  inner  groap  rest  by  s  brond  foot  on  the 
wmt  jji»tt  of  l1m>  bular  membmiin,  pmjoct  oliliqin'Iy  forwarl  and 
oMwit,  9mA  ■SpBOil  into  a  dtlulnl  heail ;  tlm  c-i'Iln  of  thn  nulcr 
fmvp  r«>l  in  tb*  nme  war,  indinn  forwnrd  ami  inwan),  nnd  fit 
Mo  «  dcfveauoo  in  Uw  I1M4I  of  Uin  rdU  of  tho  inni>r  gruup.  The 
too  thiw  tULk*  ■  bowv  which  uvhen  ov^^r  nn  «icoedin(;ly  minute 
(Mil  (Iba  eamal  of  CMi')  fnrmM  hotwrrti  thnm  mid  tho  basilar 
—id will  Tlieas  roil*  of  Corti  incretiwi  in  lmi;;tb  from  the  boaa 
I*  (ke  apn  of  th«  ooebba.  The  builu  uiombnuie  is  aompoad 
4  ffana  wTmD|[«d  in  a  tnumcrw  iUr«otiaa,  an  that  eitob  n>d  rcata 
^•B  MM,  or  upon  a  pair  of  thaae  fibre*.  lutemal  and  dmoat 
fwalU  to  Ibe  ianar  group  of  rkIi  ia  a  row  of  oompraiiud  eouienl 
II 


i 
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cells  with  short  and  stiff  hair-like  processes  {inner  hair-ceUs), 
External  and  almost  paraUel  to  the  outer  group  are  four  or 
five  rows  of  hair-cells  {outer  hair^cdls)  which  are  attached  to  the 
basilar  membrane,  while  their  other  extremity  projects  as  a  brush 
of  hairs  through  the  reticular  membrane  {membrane  of  Kdlliker). 
This  latter  membrane  is  a  very  delicate  framework,  perforated 
with  holes,  through  which  the  hairs  of  the  outer  hair-cells  project, 
and  which  extends  from  the  inner  rods  to  the  external  row  of  hair- 
cells.  It  acts  as  a  support  for  the  ends  of  these  cells.  The  inter- 
val between  the  outer  hair-cells  and  the  spiral  ligament  is  occupied 
by  cells  of  a  columnar  form  (the  supporting  cells  of  Hensen),  The 
organ  of  Corti  is  covered  over  and  separated  from  the  endolymph 
of  the  ductus  cochlearis  by  the  so-called  membrana  tectoria, 
^  §  30.  The  problem  before  the  labyrinth  of  the  ear  is  in  part  the 
same  as  that  solved  by  the  tympanum,  namely,  the  problem  of  con- 
veying the  acoustic  waves  to  the  true  end-apparatus  of  hearing. 
The  repeated  shocks  of  the  stirrup  at  the  fenestra  ovalis — and  per- 
haps, in  far  less  degree,  the  pulsations  of  air  at  the  fenestra  ro- 
tunda— produce  waves  in  the  fluid  of  the  labyrinth.  Any  mole- 
cular oscillations  of  this  fluid,  thus  occasioned,  cannot,  however, 
act  directly  as  the  appropriate  stimulus  of  the  sensations  of  sound. 
Since  the  dimensions  of  the  whole  mass  thrown  into  vibration  are 
so  small  in  comparison  with  the  length  of  the  acoustic  waves  that 
the  extension  of  the  shock  from  the  stirrup  would  be  practically 
instantaneous  thix)ughout,  and  since  the  surrounding  walls  may  be 
regarded  as  absolutely  immovable  by  any  such  impact,  the  laby- 
rinth-water would  act  as  an  incompressible  fluid.  It  would,  there- 
fore, be  unsuitable  for  the  transmission  of  various  kinds  of  acoustic 
waves.  But  different  parts  of  the  labyrinth  are  capable  of  yielding 
to  the  waves  in  the  fluid  caused  by  the  repeated  shocks  of  the 
stirrup.  Four  such  places,  into  which,  as  they  yield,  the  fluid  of  the 
lab}Tinth  can  retreat  (as  it  were)  are  designated  by  Hensen  ;  *  these 
are  the  two  openings  of  the  aqueduct  of  the  vestibule,  the  mem- 
branes of  the  aqueduct  of  the  cochlea,  the  pores  of  the  blood-vessels 
in  the  bone,  the  membrane  of  the  fenestra  rotunda  by  bulging  out 
into  the  tympanic  cavity.  Impulses  started  in  the  fluid  of  the 
labyrinth  would  thus  result  in  its  movement  back  and  forth,  so  as 
to  protluco  a  friction  of  the  end-apparatus.  This  friction  would 
be  increased  by  the  action  of  the  otoliths,  or  minute  calcareous 
particles,  found  in  the  fluid.  Thus  the  waves  started  at  the  fenes- 
tra ovalis  would  l>e  difiuseil  over  the  vestibule  and  into  the  scala 
vestibuli  of  the  cochlea,  where  they  would  flow  to  its  head,  being 
I  In  Hermann'8  Handb.  d.  Physiol,  in.,  ii.,  pi  106. 
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1  \ry  the  aeparatiiig  mcmbraiip  from  entering  the  scnln 
~  >  what  cxtcDt  Uieee  whvpb  flow  tbroiigli  tlie  helico- 
dt  hole  at  ihf  a]><^x  of  the  i^ochlcn,  into  the  scnlB  tviu- 
,  and  i>h«l  Are  th«  exfict  reliiti<)UH  between  the  waves  iu  this 
kttaracabi  and  tbiiw  in  Uip  ecaU  veslibuli — L'lUiuot  be  stated  con- 
Uanlljr.  Ni>r  cui  the  oxnct  juirt  uf  the  bnailitr  iiiembnine  nt  which 
Iha  iscitatioa  of  the  tn  J>oD;ai)>i  by  the  UEi«-iUiitioim  of  the  structure 
>diaU*d  with  corlnintj.  Thia  membrane  is,  howeTer, 
r  Ihrawu  luto  vibnitioti  through  the  unequal  pressure 
tt  Um  awmng  fluid  ;  sod  by  itii  vibiittiou  it  ei(!i(«a  the  nervous 
tfnwtnnM  witli  wlunh  it  in  intiinntely  connected. 

)  SL  A  still  man  difllcnlt  problem  fur  the  hibyrioth  to  solTe 
mmy  h»  d««mb««l  in  one  word  as  a  problem  of  "aualyais."  The 
BD4T  ear  (•  not,  indeed,  oontrivml  so  as  ta  roproduixi  clmngas  in 
Iba  form  uf  the  aooustio  osciUatious,  as  such,  aft^r  thn  uiauuer  iu 
IS  can  be  ma«Ie  nppareut  to  the  eye  or  to  touch. 
I  fur  the  tttialvBis  of  coiii|Nisil«  tones — tlio 
d  notes  of  ordinary  experience — are  derived  from 
lb*  pfow  of  aTtDiMtbetic  vibrations.  We  are  Icl,  thon,  to  inquire 
■telMr  a&T  port  of  the  struclunt  »(  the  ettr  is  i-nguililn  of  enough 
mA  flynpalhetic  vibrations  to  account  for  the  eiperienoe  which 
*l  bam  in  roeogntztnK  all  the  possible  decrees  of  pitch  in  the  scalo 
cl  m«ii(»l  Bonnd*.  The  structure  must  also  be  such  as  to  rM«ive 
tb>  iiinMiwiiiiii  {trodaoml  by  a  nuokbcr  of  simultaneous  tones,  com- 
poug  •  bannimy.  Uoroaver,  it  rau«t  be  Huch  as  to  rvpreaout 
tiww  Ibat  foUow  Mwfa  other  iu  rapid  succession,  aa  do  the  notes  of 
a  BsiDdy.  Th«  aynpathiitic  vibmtniy  npimrntiis  of  tlie  labyrinUi 
■Ht  titmtnn  muw  it*  vibratiutis  immediately  ujxm  the  oeasatioii 
rf  IW  •DtmU  in  sympathy  with  which  it  vibrates.  In  other  wordib 
it  Moi*  •iUwr  haw  a  dnmprr,  or  Iw  no  cnnstnictml  as  Ut  retutn 
•i  <MK*  to  »  aUto  of  rest  without  am-h  a  damper.  It  must  be  capa- 
te  of  h^ag  tfaiM  excileil,  and  of  rctumiii);  to  a  state  of  rest,  no 
baar  than  fira  hundred  times  in  a  sc<-onil,  since  the  crackliDK 
i4slwliiii  afiBib^  between  which  the  interval  is  uo  more  than  .003 
ol  a  aumaiil,  an  bo  heanl  u  distinct  noincx.  Still  further,  tlie  end- 
aulH'W  (or  ail  liiuJa  of  tiouv,  aa  distin- 
J  tmm  ihhmcqI  ttfim  :  and  it  is  cstremitly  difficult  to  see  bow 
%»  wumm  BfiiMrattts  wliich  iwrTrii  for  the  analysis  of  the  elaiig  can 
Aeaoflba  far  all  the  variona  aensationa  of  noise. 

IW  Bmnar  ia  not  known  in  which  the  auditor^'  hairs  and  stones 
•id  «iUa  of  the  vaatibule  and  am|>ulhi-,  and  the  rods  of  Corti,  Iha 
^■aa  rf  tha  haaOar  manbrmne,  and  the  coniail  hair-cells  of  Dw- 
Ik^  ja  tba  oochla%  actually  dischargu  th«  rviiuinil  fuuctiona    The 
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structure  of  the  end-appantiis  in  the  yestibiile  and  semidrcalar 
caniils  is  plainly  not  adapted  to  the  analysis  of  musical  tonea  The 
otoliths  found  in  the  Testibnle,  and  the  hairs  of  the  ampnlko,  are 
not  capable  of  regular  sympathetic  vibrations  ;  moreover,  they  form 
no  scale  of  structures  corresponding  to  the  scale  of  sensations  of  tone. 
This  fact  has  led  to  the  assumption  that  these  organs  are  designed  to 
act  as  the  end-organs  of  noise  instead  of  musical  sound.  The  more 
complicated  structures  of  the  ductus  cochlearis  do  seem,  on  the 
contrary,  to  be  adapted  for  the  required  analytic  functions.  It  was 
first  argued  by  Helmholtz  that  the  bows  formed  by  the  rods  or 
fibres  of  Corti  are  enough  in  number  to  constitute  such  a  scale  of 
structures  that  this  work  of  analysis  can  be  assigned  to  them. 
Some  three  thousand  of  these  fibres,  arranged  in  rows  upon  the 
basilar  membrane  like  the  keys  of  a  piano-forte,  if  distributed  over 
seven  octaves  would  give  about  thirty-three  for  a  semitone.  They 
might  then  be  supposed  to  be  elastic ;  and  since  they  differ  in 
size,  to  be  tuned  for  particular  sounds,  so  that  the  sympathetic 
vibration  of  each  one  of  them  corresponds  to  the  sensation  of  a 
given  tone.  But  the  rods  of  Corti  are  stiff  and  not  easily  vibratory ; 
and  their  ofiice  is  probably  simply  to  constitute  a  support  for  the 
hair-cells,  liloreover,  birds,  which  are  undoubtedly  capable  of  ap- 
preciating musical  notes,  have  no  rods  of  CortL 

Hen  son  has  shown  *  that  the  basilar  membrane  is  itself  in  a  good 
degree  graded  to  pitch  ;  its  continuous  structure  and  expansion  in 
size  from  the  beginning  to  the  end  of  the  ductus  cochlearis  en- 
courage the  assumption  that  its  individual  radii  act  like  stretched 
Kt  rings  to  respond  to  the  different  tones,  from  the  lowest  to  the 
highest.  The  calculations  of  Helmholtz  have  tended  to  confirm  the 
view  of  Henscn.  It  is  assumed,  then,  that  the  parts  resting  upon 
this  membrane  would  be  moved  up  and  down,  and  that  the  excita- 
tion of  the  conical  hair-cells — with  which  the  terminal  fibrils  of  the 
i*utlit(»ry  nerve  are  supposed  to  be  connected — is  thus  brought 
iitMMit.  The  number  of  the  acoustic  cells  is  claimed  to  be  about 
^•rrnt  iMH>ugh  to  correspond  to  the  demands  made  upon  the  organ 
whioh  kIimII  l>e  instrumental  in  the  physical  analysis  required  as  a 
liMui-i  for  the  sensations  of  musical  tonea  The  claim  is  at  best 
«|Mul»tftil.  Ah  Hensen  himself  remarks,"  the  possibility  is  by  no 
iiM  iihu  exrhidtul  that  the  working  of  this  complicated  and  delicate  ap- 
|i-(iiitii*t  \w\\  I  »o  altogether  different  from  that  conjectured  by  all  sudi 
IIiimhh  In  oth«M*  words,  the  physiology  of  the  peripheral  mechanism 
(it  hrui  iiu:  i^  an  vet  in  a  very  incomplete  and  unsatisfiictory  state. 

»  jr.rU^rbrirt  f.  wi»8.  Zool.,  XIII.,  p.  481  f. 

•  \\\  ll%«riuAiur»  llaudb.  d.  Physiol.,  Ill,  iL,  p.  104  1 
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§  32.  A  brief  description  of  the  End-Organs  of  Motion,  or  motor 
end-plates,  will  suffice  for  our  purposes.  In  general,  the  termina- 
tions of  the  efferent  nerves  are  connected  either  with  electrical 
organs  (as,  for  example,  in  the  torpedo),  or  with  secretory  glands, 
or  with  the  muscular  fibre.  We  consider  only  the  last  of  these 
three  cases. 

After  an  efferent  nerve  has  entered  the  substance  of  the  so-called 
voluntary  or  striated  muscle,  it  subdivides  among  the  individual 
muscular  fibres,  separating  these  fibres  from  each  other.  Such 
nerve-twigs  usually  lose  their  medullary  sheath,  and  their  axis- 
cylinder  splits  up  into  fibrils,  whose  exact  mode  of  termination  has 
been  much  debated.  It  appears  now  to  be  demonstrated  (by 
Euhne,  Margo,  Bouget,  and  others)  that  the  axis-cylinder  itself 
pierces  the  sarcolemma  or  sheath  of  the  muscular  fibre  ;  that  the 
neurilemma  becomes  continuous  with  the  sarcolemma  ;  ^  and  that 
the  fibrils,  into  which  the  axis-cylinder  divides,  form  a  flat,  branch- 
ing mass  within  certain  peculiar,  disk-shaped  bodies  situated  inside 
the  sarcolemma,  and  called  **  motor  end-plates"  In  the  non-striated 
(or  non- voluntary)  muscles,  the  nerves  divide  and  subdivide  to  form 
more  and  more  minute  plexuses  of  nerve-fibres,  which  are  distrib- 
uted in  the  connective  tissue  that  separates  the  muscular  fibres  from 
each  other.  The  exact  relation  between  this  extremely  minute  in- 
tramuscular network  of  fibrils  and  the  nuclei  of  the  cells  of  mus- 
cular '*  fibre  "  is  not  yet  made  out. 

The  shape  and  structure  of  the  motor  end-plates  are  different  for 
different  aniinols,  and  even  for  different  muscles  of  the  same  ani- 
maL  Lideed,  the  mode  of  the  termination  of  the  motor  nerves  in 
the  muscle  appears  to  be  somewhat  distinctive  of  the  different 
parts  of  the  muscular  structure.  Sometimes  the  axis-cyliuders  are 
somewhat  enlarged,  with  strongly  granular  corpuscles  attached  or 
adjacent.  Sometimes  a  granular  mass  with  its  nuclei  forms  a  kind 
of  base  or  floor  for  the  terminal  nei-ve-fibres  ;  and  this  eminence 
may  be  elongated,  elliptical,  or  circular.  But  the  character  and 
variety  of  these  forms  are  of  no  particular  interest  to  psychology, 
even  as  approached  from  the  physiological  point  of  view. 

'  The  question  of  histology  is  debated,  whether  the  neurilemma  actually 
becomes  continuous  with  the  sarcolemma.  Strictly  speaking,  according  to 
Ki^hne,  it  does  not ;  bat  then,  strictly  speaking,  it  is  not  continuous  with  it- 
self. It  is,  as  we  have  seen  (p.  36  f),  divided  by  the  annular  constrictions  into 
members  which  are  separate  structures.  It  is  to  be  considered  a.s  fringed 
out  on  its  edge  and  cemented  to  the  sarcolemma.  [See  on  this  subject  the 
monograph.  Die  Verbindung  d.  Nervenscheiden  mit  dem  Sarkolemm,  Sepa- 
ratabdrack  aus  der  Zeitachrift  fUr  Biologie,  by  KUhne.] 


CHAPTER  VL 

THE  DEVELOPMENT  OF  THE  NERVOUS  MECHANISM. 

H  1.  TitR  lifo  of  the  individual  man,  so  far  as  it  can  be  made  an 
i>lijm*t  of  iintnodiate  obHervation  and  scientific  description  begins 
aM  nil  uiuUffinrfUiiiated  gorm,  without  apparent  distinction  of  bodily 
orgaitN  or  of  phyMical  and  psychical  activitiea  This  living  germ 
uiidotV(H«N  a  dovolopment  Before  it  can  be  subjected  to  ordinary 
iiiM|HtoUoti  it  htiM  unfoldeil  itself  into  an  elaborate  organism  ;  and, 
ill  ilM  iionnal  rt^lation  to  the  other  systems  of  this  organism  (mu»- 
(Milnr,  rt««piratory,  metabolic,  reproductive,  etc),  the  nervous  system 
ImM  ntH|u(r«Hl  all  iU  cn^mplox  mechanism,  consisting  of  an  indefinite 
iiiiiiil>0r  of  |>arta.  Wlmt  are  the  different  stages  of  the  development 
«xf  Oib  ii«^rvY>uii  ii>-iitom.  and  what  are  the  laws  according  to  which 
iU  ^UMV^iviit  faotom  and  tvrgans  become  differentiated,  it  belongs  to 
I  ho  ihnf^iuH*  of  KanbmJoj^r  to  describe.  But  it  belongs  to  psychology 
lo  iui%k<«  mioh  doubtful  infiiuvnoes  as  suggest  themselves  concerning 
ll\«'  )\H^\x'l\ion)  aotiviti^^  that  are  to  be  ascribed  to  the  unfolding 
%\\\\\\\  \\t  I  ho  oui\\rv\v  IVrohi^oi:^.  indeed,  attempts  in  such  a  case 
^^  U\\\\\  n  )\ioturt^  %\f  i1h^««  <Murli«s(t  and  most  obscure  mental  states, 
\\w  t^\%\\\%\\U  of  x^hioh  i.MU\  no  k\n^r  be  reproduced  or  recombined 
IU  Uvo  Joxv)o|v«l  \\M)$k''i^nisiK'«s  of  the  adults  To  this  fact  is  due, 
o^  \vAit.  tho  «i«NuH  xxhH^h  o)iU):*$  to  all  soeh  infei^ncea.  But  this 
«tMl\^l  \»  aW^  ^Ixh"  to  1 W  fftol  ibat  iriiibrTKJogT  itadf  is  so  incomplete, 
vN%  ^^  \\\  ^v^w^l  t^^  \i^  )v\$cAr«»ik\c  of  «u)^^  €Mta^  and  jet  more  in- 
^\s^\^)\Vi>r  '.\\  iv«)yvq  lo  )i^  |x>^«vr  K>  «el  fic«th  any  sratem  of  general 

\Vit\  Vv,vA>M^  ^>f  a)l)  9^  ^Nirtkr  «it»i«a  and  dtanges  of  oon- 
^'(r.s^^xv^^w>  ^>  >h>Kvi';>(  A  Yii^Vr  of  )b^  x&MqprKatioa  of  stmtea  uid 
w-.^>V'V*w>vi>  a:  i>i^  Kn^^  ^v^rM»«w^  ia  iwrnrtiof  cmt  awn  oonaeious 
Vv  v 't  rO  v.\)V'Vk>vnv.  It  )  W^  :il  >«^riiv  I'^ond  duift  tOMtua  physical  states 
k>s(  >MsM:fAM^  .*4  iW  >r)&^««):r  trac^nn*^  nd^dl  Inr  ilmr  intopnetaiion 
%^u  fcx>in"»,  )'«>,vfc  ,si  x-ityvw^^tu:  *iir  aA»v«fi«QrMi^  aMBtal  alaiea,  we 
WJnnVi,^*  )»«*x«*  iii4  5^^i  %"  .•tt^'jn^  .^<3pry»^^*4Ki*T0«3  fOMiples  b^dk  to 
IK  ::ff  s\  i>.^  <^.>«\«,N    ^x^fr.  W-^  7^^  aiif'  ^tcM^oBMOii^  ia  tbe  andii- 

9MVilM»l^%    ^i5ttt,    tN**W.    %*Wa,    1:hc  mJbA' 
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Bat  as  the  case  now  standfl,  the  proper  physical  science  cannot 
claim  to  have  furnished  us  with  the  requisite  description  of  these 
antenatal-physical  movements  and  state&  Little  use  for  the  main 
purposes  of  Physiological  Psychology,  therefore,  can  be  made  of 
facts  accessible  as  to  the  embryonic  development  of  man.  We 
might  even  seem  warranted  in  passing  by  the  whole  subject  with 
two  or  three  general  observations  like  the  following :  The  two-fold 
life  of  man,  both  nervous  mechanism  and  mind,  begins  in  what  is 
apparent  only  as  a  physical  unity,  in  that  system  of  moving  mole- 
cules which  constitutes  the  living  germ.  Out  of  this  unity,  and  in 
indissoluble  connection  with  it,  the  two-fold  hiunan  life  then  pro- 
gressively develops.  The  mechanism  unfolds  itself,  increases  the 
complexity  of  its  molecular  activities,  runs  its  course  of  changes,  and 
is  broken  up  again  into  its  material  elements.  The  mind  manifests 
itself  in  primitive  activities,  unfolds  itself,  increases  the  complexity 
of  its  psychical  life,  and  then  ceases  to  make  itself  known  through 
the  physical  mechanism,  when  the  mechanism  itself  is  dissolved. 
And  all  the  while  the  molecular  mechanism  and  the  mind  are  most 
doeely  and  mysteriously  correlated  in  their  development  as  a  to- 
tality, and  in  their  particular  activitie& 

But  in  spite  of  the  fact  that  embryology  furnishes  psychology 
with  scanty  material  for  any  extended  and  trustworthy  conclusions 
with  regard  to  the  earliest  activities  and  development  of  the  mind, 
at  least  a  sketch  of  its  principal  outlines,  so  far  as  the  nervous  sys- 
tem is  concerned,  seems  desirable.  Of  knowledge  from  direct  ob- 
servation concerning  the  early  development  of  the  human  embryo 
there  is  exceedingly  Uttle.  Yet  the  comparatively  few  facts  which 
are  indisputably  known,  throw  considerable  light  upon  the  nature 
and  functions  of  the  human  nervous  mechanism.  Moreover,  in  cer- 
tain most  important  particulars  there  is  gocAi  reason  to  believe  that 
the  earliest  history  of  the  development  of  the  embryos  of  other 
animals  is  substantially  like  that  of  the  human  embryo.  The  very 
first  things  in  the  life  of  the  chick — or  better,  one  of  the  mammals 
— for  example,  may  be  described  as  probably  holding  good  in  all 
important  respects  for  the  life  of  man.  And  when  those  differences 
which  are  most  strikingly  human  begin  plainly  to  appear,  they 
show  what  ports  of  the  nervous  system  are  most  worthy  of  em- 
phasis as  distinctively  connected  with  man's  mental  life.  * 

§  2.  The  immature  ovarian  ovum  of  the  common  fowl — like  that 

'  The  foUowlng  description  is  taken  to  a  large  extent,  and  in  some  places 
almost  verbatim^  from  Foster  and  Balfour*s  Elements  of  Embryology,  London, 
1^83,  and  F.  M.  Balfour,  Comparative  Embryology,  voL  ii.,  pp.  177  ff.,  Lon- 
don, 1881. 
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|-lBrg«  number  of  rounded  Begmentfi  of  protoplnam,  ooUod  iLo  i 
Of  tlieee  BegiueatB  those  tlittt  Ue  uppfiimost  ftro  HDiaUei* 
tosff  b«nent]i.     Tbe  beginning  of  the  two  layers  into  which 
BlilaBtodtirni  dividea  is  thus  made.     The  hehavior  of  Uio  nucleus   | 
formed  hy  the  uiiiuu  of  sutwtauco  from  the  uiole  aud  the  femule, 
during  the  process  of  segmeutatioo,  hns  not  been  ko  satisfactorily 
traced  ;  it  nppeiira  probable,  however,  that  a  process  of  division  goes 
on  lu  it  nlsa     Other  uuclei,  thoujjht  to  be  derived  (rum  tlio  priitii- 
tive  nucleus,  make  their  appearance  immediately  below  tbe  blasto-    ' 
derm.     The  distinction  between  tlie  upper  and  lower  layers  of  the 
bkittoderm  now  becomes  more  obvious,  for  tbe  segments  of  tbe 
former  nrrange  themselves  side  by  side,  with  their  long  oxee  vertical, 
ns  a  membrane  of  coliminar  nucleated  cellx ;  while  those  of  the 
latter  continue  gi-auular  and  round,  and  form  a  close,  irregular 
net-work  of  cells,  vrhose  uuclei  ore  not  easily  seen. 

§  a.  Tlie  principal  difference  between  tbi:  ovum  i)f  a  mammal  and 
that  of  a  bint  depends  upon  the  auioiiut  and  distribution  of  tbe 
fodl-yolk.  The  ovum  of  the  mammal  is  smidl— the  human  ovoriau 
ovum  being  only  fi'om 
tIt  ***  1  in  of  ft"  inch 
in  diameter— l>ecBU»e 
it  COD  tains  so  little 
food-yolk ;  but  tliia 
email  supply  is  dis- 
tributed uniformly 
tlirougbouL  lu  con- 
sequence of  tbe  above- 
mentioned  diSierence, 
Ibe  ovum  is  able  to 
break  up  into  seg- 
menta    through    tbe 

whole  of  ill!  protophismic  mass.  As  the  process  of  segmentation 
goes  on,  tbe  differences  among  the  ova  of  different  siwcies  of  ani- 
nutla  become  more  deoily  marked.  For  example,  in  the  nd)bit, 
slthnngb  tbe  dctmls  lU-e  differently  described  by  different  obwrvara, 
j«t  tJ»e  cloHc  of  the  process  of  si'^mentation  the  ovum  appears  to  be 
ooioposed  of  "  an  outer  layer  of  cubical  hyaline  cells,  almost  en-  , 
tirely  surrounding  an  inner  mass  of  highly  granular,  rounded,  or 
polygonal  ctdlx."  In  a  small  circular  area,  however,  the  inner  mass 
reiaoins  exposed.  The  outer  cells  soon  close  over  the  exposed  spot 
(called  by  van  Beneden,  blaxfoporfi},  and  thus  fonu  a  superficial 
layer.  A  iiorrow  cavity  then  appears  between  tbe  two  biyers, 
which  extends  so  as  to  scpurute  them  completely,  except  iu  the 
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region  near  to  Um  mpeA  ongiiialI]r  a^xwad.    Ute  enlargement  of 

the  onun  and  of  the  cavi^  together,  soon  gire  tbe  whole  stmctiire 
the  appearance  of  a  reaicle  witfa  a  thin  wall  and  a  large  centnl 
caTitr.  This  vesicle  is  called  the  blaitodermic  veticU.  The  greater 
part  of  iU  walla  is  compoaed  of  a  ein^  row  of  outer  flattened 
cella ;  while  an  inner  lena-ahaped  maa  of  cella  appears  attached  to 


a  ivirtioD  of  th«  inner  aide  of  the  outer  layer.  The  "  blastodermic 
vt'si.-lo  ~  euliuv^  rapidly  ;  ita  inner  tnaaa  of  cells  loees  its  lens-like 
fili:ti«'.  iHHxiuie!)  flattened,  and  spreads  out  on  the  inner  aide  of  the 
ntttcr  liivcr.  Its  central  part  remains  thicker  and  forms  an  opaque 
fiiviiliti-  hi^>t  on  t)io  blastoderm,  which  is  the  beginning  of  the  area 
w Ill-Ill  till'  pinbrro  is  to  form  (the  emfrryonic  areo). 

1;  ii  'rii<>  iiiiiti(i1iat«'lr  subsequent  history  of  the  development  of 
tU><  Mitinimiilijui  ovum,  until  the  appearance  of  tbe  so-called  "primi- 
ti\<<  «lf.'iik,"  i»  It'w  iwrfoctly  understood :  Foster  and  Ballour '  speak 
i>r  llif  fi'lli'wii'U  di'wription  as  "tentative"  In  the  embryonic 
iiii'it  Mil'  i'i'IIm  >'f  the  inner  mass  become  divided  into  two  distinct 
Hliiitit  111!  iii'i>i'i"  omi  of  rounded  cells  which  lies  dose  to  the 
lUllKiii'.l  .'iilor  lim-r.  iiud  a  lower  one  of  flattened  oella  (the  "hjpo- 
>  KltiuoiilJ  of  Embr/olog7,  p.  &19  L 
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tt*^    Qm  lonuer  becomes  fused  with  the  oiit^r  Inver,  and 

■^Ph9'dH  to  n  Infer  of  coliuuuur  cells  (the  "epiblnat").     In 

*"        BbiyoDic  area  consists  of  two  layere  of  oc-lls;  tlie 

r  ma  of  whudi  is  Uie  fpibUut,  and  the  uuder  one  the  lnqxiblaiii. 

Hm  falsatoilanii  at  finit,  then,  consists  of  onlir  two  htyers,  which 

)  K  doable'Walled  aac  {the   yaMru/a)  ;    but  a  thinl  \nyrr 

I  iU  appoaranoe  between  the  other  two.     These  three 

,    memihljuit,    and    hi/pottUui—aro  rnlle<l    "  germ i not 

e  found  in  the  embr)'oa  of  nl!  forms  ul  verteljnite, 

t  forms (rf  ttivertvbrnt«  animals.     Tho  middle  one,  ormeso- 

M  from  certain  i>iirts  uf  tlie  other  two  primitive  layers,  in 

r  whicli  need  not  be  described.     From  these  three  gcrmi- 

I,  all  the  (liflvrmt  pnrta  nl  tlie  organism  of  the  animal  are 

Tha  hMaty  of  the  dt'vtddpmont  of  every  auimal  iu  its 

a  ia,  Utaraforo,  a  narrative  o(  the  chiuiges  which  take 

B  thrae  layera  of  the   bbstudenn.     The  h.^-pubhurt.  is 

r  li^cr ;   and  from  it  almost  all  the  epiUtelial  lining 

at  tba  alimantary  traiH  and  Hn  ghinds  is  derived.     Tho  mesublast 

i  of  the  skeletal,  museular,  and  x-ascular  Hystema,  nnd 

L  cf  tb*  eooDaeliva  tisaue  of  all  tlio  jiiLrts  of  the  body.     But  it  is  tho 

t  wUeb  [irodiUM  the  central  and  jM^riphend  uerrons  si-slem, 

I  11m  aptdrniii^  and  all  the  most  iiiiitortont  i^aiis  of  the  organs  of 

It  ia  to  tba  dcwlopment  of  the  ejiilihist  ezclusively,  then, 

\  thai  »a  BOW  ilirect  oar  attention. 

B  7.  llw  proccM  of  diflttTMi  tin  ting  the  layen  of  the  embrA-o  is 
'  ■  coiia«cl«(l  with  another,  which  results  in   fonoing  a 


I 


koowD  aa  th"  irrimUiv  yvair-.  This  procem  ia  siibstMi- 
[|  in  hinlk.  A  ahort  weklolikf  UiickeDius 
af  Ifaa  Uaatodenn.  wliieh  aftemanl  ln-iMmfw  a  "  narrow  Btin|>-like 
t^adlj'— daa  lo  a  forwani  prupu^liou  (linear  prolifi-ratiuu)  of 
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epiblast  cells  in  a  straight  line — arises  near  the  janction  between 
the  pellucid  and  the  opaque  areas  of  the  blastoderm,  and  stretches 
inward  upon  the  embryonic  area ;  it  is  called  the  primilive  streak. 
The  median  line  of  the  primitive  streak  then  shows  a  shallow  fur- 
row, running  along  its  axis.  This  furrow  is  called  the  primiUix 
groove.     (Compare  Fig.  73.) 

§  8.  Now  occurs  the  formation  of  the  medtdlai^y  groove.  In  that 
portion  of  the  embryonic  area  which  is  in  front  of  the  primitive 
streak,  the  axial  part  of  the  epiblast  thickens ;  two  folds  arise  along 
the  boundaries  of  a  shallow  median  groove  ;  the  folds  meet  in  front, 
diverge  behind,  and  then  enclose  between  them  the  front  part  of  the 
prunitive  streak.  These  are  the  medullary  folds,  and  they  constitute 
the  first  definite  features  of  the  embryo.  The  pai*t  bounded  between 
these  folds  is  called  the  '^  medullary  plate  ;  "  its  supreme  impor- 
tance in  the  embiyo  appears  in  the  fact  that  it  is  the  portion  of  the 
epiblast  which  gives  rise  to  the  central  nervous  system.  At  about 
the  time  of  the  development  of  the  medullary  groove  (a  little  earlier) 
an  important  change  is  taking  place  in  the  constitution  of  the 
hypoblast  in  front  of  the  primitive  streak.  An  opaque  line  ap* 
pears,  as  seen  from  the  surface,  and  is  continued  forward  from  the 
front  end  of  the  streak,  but  stops  short  at  a  semicircular  fold  near 
the  front  part  of  the  pellucid  area.  This  fold  is  the  future  head- 
fold  of  the  embryo.  The  opaque  line  is  due  to  a  concentration  of 
cells  in  the  form  of  a  cord  ;  it  is  the  beginning  of  what  is  known  as 
the  noiochord.  It  is  to  subsequent  changes  in  connection  with  the 
notochord  that  we  are  to  look  for  the  development  of  the  distinct- 
ively vertebral  structure  of  the  animal. 

g  9.  From  this  point  onward  the  shaping  of  recognizable  parts 
of  the  embryo  proceeds  rapidl}'.  The  pellucid  area,  which  was  at 
first  quite  flat  or  slightly  curved,  has,  in  the  process  of  its  growth, 
suffered  a  ** tucking  in" — as  it  were — of  a  portion  of  the  blasto- 
derm, iu  the  form  of  a  crescent.  It  is  this  tuck  which,  when  viewed 
from  above,  appears  as  a  curved  line  marking  the  margin  of  the 
medullary  groove.  Thus  the  blastoderm  is  at  this  spot  folded  in 
the  form  of  the  reversed  letter  8  ;  the  fold  is  the  one  already  re- 
ferred to  as  the  "head-fold."  Of  the  two  limbs  of  this  8-fold, 
the  upper  is  continually  growing  forward  and  the  lower  is  contin- 
ually growing  backwanl.  As  the  head-fold  enlarges  rapidly,  the 
crescentic  gi'ocn*e  becomes  deeper  ;  and  at  the  same  time,  the  over- 
hanging margin  of  the  groove  rises  up  above  the  level  of  the  blasto- 
derm. The  medulltiry  folds  meantime  increase  in  height  and  lean 
over  from  either  side  towanl  the  middle  line.  They  soon  come  in 
contact  iu  the  region  which  will  afterwaixl  become  the  brain,  and 
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n  a  Inlmliir  cuml  (tlio  meduUarij  or  neural  canat),  althougb 

«  do  Dot  fur  Mimn  time  coalescti.     As  the  upp^r  liiub  or  head  of 

abrjo  boconiM  moru  im>Diineat,  the  rofihillnry  folds  cloao 

"npUl/,  And,  in  Uie  region  of  the  bead  <iuit«  coalesce.    The  open 

~  ~    J  groo-n  i»  tfatw  couvortod  into  n  cimal  or  tube,  which  ia 

]  in  trout  but  ntuuuu  uuvu  buLiud.     The  troot  eiid  of  this 


MnnI  cmbmI — baviBeB  more  npid  (n^wih  than  lb«  rest— diUlM 
BVi  •  mall  bulb  or  Teiiielr,  tlw  ca*it j  of  whic]i  remains  routJiiiioaa 
■ilh  IkBl  of  Um  raat  of  ths goiibI,  while  itaimillii am  Mtuilu-lrforoMd 
•4  wfiblmaL  Tlua  Iralh  ia  the  an-<-aIh^l  JirM  c^rrfml  tfrvlf ;  and  the 
hiBml  ptww— ■  wtiich  •mm  frmv  <mi  fmtn  its  sides  are  called  oj^itr 
•nda.  Bibtnd  the  fint  rciicle.  a  aecond.  and  aft«rwanl  brhind  the 
■■■d««ieU.klU«dbKioti  fonuod  Tfaiu  tbaw  Uun  bnio-buda, 
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or  germinal  brftins,  are  made.  At  the  level  of  the  hind  end  of  the 
faeail,  two  ihaUow  pits  appear  (the  auditory  piia)  which  are  the  radi- 
menta  of  the  or^an  of  hearing.  Thus  the  <do8iiig-up  of  the  medul* 
tar;  canal  has  converted  the  original  mediUlary  grooTe  into  a 
neural  tube  ;  and  three  cerebral  vesicles  have  been  grown  which 
are  to  develop  into  the  fore-brain,  the  mid-brain,  and  the  hind- 
brain. 

^  10.  The  most  important  changes  which  now  take  place  in 
the  development  of  the  nervous  mechanism,  are  counected  with 
the  growth  of  the  three  cerebral  vedclea  and  with  the  flexure  of 
the  medullar;  canal.  The  front  portion  of  this  canal— that  is,  the 
fore-brain  with  its  vesicles— in  consequence  of  inequalities  of 
growth  in  the  different 
ports  of  the  brain,  be- 
comes bent  don'uward  ; 
'  this  is  the  commence- 
i  ment  of  the  cnnial  flex- 
ure. As  the  flexure  pro- 
gresses, the  front  portion 
becomes  more  and  more 
folded  down,  so  that  the 
second  vesicle,  or  mid- 
brain, comes  to  project  in 
front  of  it.  From  the 
front  part  of  the  fore- 
brain  the  vesicles  of  the 
cerebral  hemispheres 
grow  out  and  swell  lat- 
'"''  ^^j_^  erally,  so  as  to  make  two 
■11  o<  buds  corre^wnding  to 
the  two  hemispheres  of 
tlio  bmin.  Each  of  these  side-buds  has  a  cavity  which  is  eontinu- 
cms  iH'liiiid  with  the  cavity  of  the  fore-biain ;  each  cavity  becomes  a 
Intt'rnI  ventricle  of  the  brain.  The  original  vesicle  of  the  fore-brain, 
liitviiig  ceased  to  occupy  its  front  position,  is  developed  into  the 
l>iirt:(  surrounding  the  third  ventricle.  In  the  hind-brain,  or  third 
crnbi-ttl  vcnii'le,  the  part  nearest  to  the  mid-brain  becomes  marked 
otV  l<v  n  constriction  ;  the  hind-brun  is  thus  separated  into  two 
)>iivU  tlio  rudimentary  cerebellum  with  the  pons  in  front,  the 
itKliniciitnry  medulla  oblongata  behind. 

^  1 1.  ^'Hriou8  dlfferentiatioDS  of  tiie  lining  of  the  epiblast,  whidt 
i«iiivi>lnttHl  along  the  cerebro-ipinal  cavity,  take  i^ace.  Through 
llit<  Ivngth  of  the  neural  nnal  thia  lining  is  tbiokened  at  each 
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side,  so  that  the  caTity  is  no  longer  circular,  but  resembles  a  narrow 
yertical  slit  In  the  region  of  the  cerebral  hemispheres  the  sides 
and  floor  of  the  canal  are  much  thickened,  but  in  the  region  of 
the  third  and  fourth  yentricles,  its  roof  becomes  excessively  thin, 
so  as  to  form  a  membrane  consisting  of  scarcely  more  than  a  single 
layer  of  cells. 

§  12.  Another  important  event,  at  about  this  stage  in  the 
development  of  the  embryo,  is  the  formation  of  the  cranial  and 
spinal  nerves.  The  cranial  nerves  sprout  out  of  a  continuous 
band  (the  neural  band),  composed  of  two  plates,  which  connects 
the  dorsal  edges  of  the  neural  canal  with  the  external  epiblast 
This  band  separates  from  the  epiblast  and  becomes  a  crest  on  the 
roof  of  the  brain,  with  its  two  plates  fused  together.  The  crest 
extends  forward  as  far  as  the  roof  of  the  mid-brain.  As  the  roots 
of  the  cranial  nerves  grow  centrifugally  and  become  established, 
the  crest  connecting  them  is  partially  obliterated.  The  posterior 
roots  of  the  spinal  nerves  are  outgrowths  of  a  series  of  median 
processes  of  ceUs  that  appear  on  the  dorsal  part  of  the  cord.  These 
outgrowths  are  symmetrically  arranged,  and  attached  to  the  walls 
of  the  cord  ;  but  their  original  attachment  is  not  permanent.  Such 
rudimentary  posterior  spinal  nerves  divide  subsequently  into  three 
portions--a  rounded  portion  nearest  to  the  cord,  an  enlarged 
middle  portion  forming  the  rudiment  of  a  gangUon,  and  a  periphe- 
ral portion  forming  the  commencement  of  the  nerve.  The  origin 
of  the  anterior  roots  of  the  spinal  nerves  is  less  satisfactorily  made 
out. 

§  13.  In  the  further  development  of  the  hind-brain  the  medulla 
oblongata  undergoes  changes  of  a  somewhat  complicated  character. 
Its  roof  becomes  extended  and  thinner  ;  where  tlie  two  lateral  halves 
of  the  brain  were  at  first  united  (at  the  raphe)  a  separation  takes 
place,  so  that  the  sole  union  of  the  two  sides  is  by  a  single  row  of 
cells.  The  thin  roof  of  the  fourth  ventricle  is  thus  formed.  The 
floor  of  the  whole  hind-brain  becomes  thickened,  and  on  its  outer 
surface  a  layer  of  longitudinal  non-medullated  nerve-fibres  appears. 
The  roof  of  the  anterior  part  of  the  hind-brain,  which  has  become 
thickened  instead  of  thinned  out — thus  forming  the  rudimentary 
cerebellum — is  developed,  first,  by  the  formation  of  the  median  lobe 
(or  vermiform  process)  and,  aftenvard,  by  the  swelling  of  its  sides  so 
as  to  constitute  the  cerebellar  hemispheres. 

§  14.  The  changes  in  the  development  of  the  mid-brain  (or 
mesencephalon)  are  comparatively  simple.  When  the  cranial  flex- 
ure has  taken  place,  the  mid-brain  is  left  at  the  front  end  of  the 
axis  of  the  body,  as  a  single  vesicle  with  a  vaulted  roof  and  a  curved 
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■or,  whose  cnrity  is  known  as  the  aqnednct  of  SybioiL  Hm  co^ 
}»  qaadrigemiua  of  the  two  sides  are  marked  off  from  each  other 
by  the  Eq^jearanoe  of  a  vertical 
furrow  about  the  sixth  month  ; 
and  about  a  montii  later  a 
transverse  depression  nopsr 
rates  the  anterior  (notes)  and 
posterior  (tetteB)  pairs.  The 
'  thickening  of  ttie  floor  of  the 
mid-biain  gives  rise  to  the 
cmra  cerebri. 

g  15.  Of  the  two  divialona 
into  which  the  fore-brain  has 
already  become  divided,  tiie 
posterior  ooDstitates  the  so- 
called  "  thaiamen-cqAaion." 
^»m^  rrioSSi  "^^^^  ^"^^y  ^  ■*  *"*  *  simple 
nomim ;  ooMM*  vesicle,    fonned   of    spindle- 

icm:  m,  roof  o(  »•  *, 

nr  mnmiiKini :  m».   shaped   cells^  With    Walls   of 
Ttha  ton-bnin.'  Ai  nearly  nniform  thickneee.    Its 

<r JW>  l>  Uw  forum 


floor  f^ivps  rise  to  the  optic  chiasm 
and  the  orijjin  of  the  optic  nerves, 
and  to  the  nidiment  of  the  infundi- 
bulum  ;  and  its  sides  become  thick- 
ened to  form  the  optic  thalami,  while 
the  iiiterviil  l>etween  them  enlarges 
toward  tbo  base  and  constitutos  the 
cavity  of  the  third  ventricle.  The 
more  complicated  changes  which  its 
roof  undergoes  give  rise  to  the  pineal 
gland  and  other  small  surrounding 
structures.  It  is  the  anterior  and 
larger  portion  of  tlie  fore-brain  which 
constitutes  the  rudiment  of  the  cere-  ' 
bnd  hemispheres.  In  this  cerebral 
rudiment,  also,  n  floor  and  a  roof  may 
be  distinguished.  The  former  is  de- 
veloped into  the  principal  basal  gnu-  "■  W'™"- 
ghft,  the  striate  bodies  ;  the  latter  into  the  structnres  of  the  cereb' 
hemispheres  proper.  The  formation  of  the  striate  bodies  (ooipr 
striata)  is  in  fact  due  to  thickenings  of  the  walls  of  the  floor  ot  t 
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oommi«s)iro,  the  fornix, 
etllosuia.     But  into  the 


maJiAu  hemispheres.    These 
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to  iBt«r.  One  cbaractflristic  of  tho  em- 
bTonie  dvntlopmeiit  of  umudiiuUb  is  the 
mariy  nUangcmcut  uf  the  cerebral  heuii- 
tfbmm;  in  the  human  embrj-o  thej  are 
MiB  by  Llie  t«ath  neeh  inueh  hirger 
Ukb  «U  tlin  otliar  purta  of  the  bnun. 
At  this  time  they  are  hollow  bodies 
with  ooiDpftimtirelj  (hin  tipper  wnlle.  tlie 
hisnl  noliidM  being  dilated  aud  com- 
•  with  Mch  other  through  a 
,  uid  with  the  UiJnl  ven- 
trick  hf  Um  fonunen  of  Monra  Tliey 
pvm  firon  befor*  backwnnl,  and  thus 
ocmar  up,  esa  nftor  the  uther,  Uie  optic 
~,  euipon  qiudri^remiua,  atid  <.-ere- 
Tbdr  floor  keeps  on  thicken- 
ja§,  aoA  Unu  tlw  struto  bwlics  b«cotn» 
pwalty  (dargwl,  and  pn>ject  upward  into 
Ih*  kl«nl  vantrideM,  p;iviug  these  cav- 
lliiB  Ibsir  ndiod  form. 

Tb>  toOowiaiE  Uble.  eshibite  tha  rda- 
tiDoa,  with  raspMi  to  their  ddvplopment,  in  which  the  different 
fvto  t4  Um  brain  aUnd  to  iU  fundamental  rudiiueuU : 


rCarabral  HpmUrlini 
,  j  pors  MrUU,  Corpui  Uftlld 
n.  Fornix,  Later*!  V«a- 
I  triclita.  Olfutor?  bulU. 
f  TbklunlOptlRl.PtnaalaUQd, 
I  lltHiUrj  UKlr.ThIrd  Vi.0- 
j       Iriole,  Optlu  Durra  <(irima- 


!  Corpora  naadrl^niliia,  Crur* 
Cvrwbri.  A<|UMliirt  of  tttl- 
rloa,  Optlo   -    — 
darllT). 
C*r»b«ildm.     Pom    Taitiltt. 
Ulterior  |wrt  of  (ha  rooith 
Vantrlcla 
,  }  HviJulU    ObloncaU,  FoorUi 
I       Vuulrlcla,  Auditor/ D 
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The  more  importaDt  cooTolntumi  and  Hilci  of  the  cerebnl  bemi- 
spberea  (Ihow  called  "primitiTe  ")  zeralt  from  the  folding  of  the 
whole  sabfltaiice  of 
the  wall  of  the  hemi- 
qihere  ;  the  less  im- 
portant (the  so-called 
"Becondarj")  conmst 
merely  of  depresdoiu 
Mid  elerstionB  of  its 
more  Boperficial  por- 
tion. The  former  ap- 
pear earlier — the  fint 
of  the  primitiTe  anlci 
being  the  fiaBure  of 
^Ivina.  which  is  vid- 
Ue  before  the  end  of 
the  third  month.  By 
the  end  of  the  aoTenth 
month  almost  all  the  principnl  features  of  the  cerebral  hemispheres; 
both  conTolutions  and  sulci,  are  already  fixed. 

§  16.  The  nervous  ports  of  the  eye  are  difiereotiatioiis  of  certain 
lateral  growths  of  tiie  germinal  brain-buds,  called  the  "optic 
vesicles."  The  optic  Tcsicles  are  ontgrowtha  from  the  sides  of  the 
first  cerebral  vesicle,  and  are  originally  connected  with  it  by  short 
and  wide  stalks  ;  at  first  they  stand  out  at  oeaily  right  angles  to 
the  axis  of  the  embryo.  The  stalks  soon  become  narrower  and  thus 
form  the  rudiments  of  the 
optic  nerves  ; '  at  the  same 
time  the  rudiments  of  the 
retina  are  fomiei:!  from  the  i 
vesicles  themselves-  The 
bulb  of  the  optic  vesicle  is  ' 
made  into  a  cup  with  two 

walls  by  doubling  it  upon  *''i'i"i;;i'';SS?'"?FSS?*S^^?J^-SSSS 
itself  ;  thus  a  second  optic 
vesicle  or  "optic  cup"  is 
produced,  as  distinguisiied 
from  the  origincil  one.  Tho 
lens  of  the  eye  is  made  by      ""b^""*'"™^ 

thickening  some  of  tho  superficial  epiblast  and  involuting  it  in- 
ward over  the  front  of  the  optic  cup,  or  secondary  optic  vesicle, 
'  But  His  and  Kolliker  suppose  tliesc  nerves  to  tw  formed  bf  Meondatj  em- 
uiation  from  tbu  cbitiun  oi  uorvoiu  ciintie. 
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TPbim  inToliitiim  has  at  first  the  form  of  a  pit,  then  of  a  cloBed 

«ao  widk  thick  walla,  then  of  a  solid  mass.     The  cavity  between 

Hie  two  waUi  of  the  optic  cup  is  dosed  up  by  bringiDg  the  walls 

into  contact.     The  subsequent  development  of  the  different  parts 

of  the  eye  is  conditioned  upon  the  fact  that  the  walls  of  the 

optic  cup  grow  more  rapidly  than  does  the  lens,  and  that  their 

growth  does  not  take  place  equally  in  aU  portions  of  the  cup.     It 

Sb  by  changes  in  the  surrounding  mesoblast,  which  takes  on  the 

character  of  an  investment,  that  the  outline  of  the  eyeball  is  defi- 

xiitely  formed  (the  choroid  and  sclerotic).     The  vitreous  humor 

^dso  is  a  meeoblastic  product  which  is  supposed  to  originate  as  a 

lund  of  transudation  through  the  so-called  choroid  slit     Of  the 

^"vro  walls,  the  inner  or  anterior  is  originally  somewhat  thicker; 

«uid  since,  in  most  parts  of  the  cup  it  grows  more  rapidly,  it  con- 

cttanily  increases  in  relative  thickness.     But  just  in  front  of  a  line 

afterward  becomes  the  ora  serrata,  both  layers  soon  cease 

thicken  and  then  completely  coalesce  ;  thus  the  hind  portion  or 

retina  becomes  marked  off  from  the  ciliary  ridges  and  the  iris, 

^^Trbile  the  wide  opening  of  the  optic  cup  is  narrowed  into  a  smaller 

orifice  that  constitutes  the  pupiL     By  differentiations  of  the  inner 

r  anterior  wall  of  the  liind  portion  of  the  optic  cup — its  cells  mul- 

rapidly  and  undergoing  morphological  changes  while  the 

all  is  thickening — the  different  layers  of  the  retina  are  formed.     It 

a   significant  fact  that  in  its  early  stage  this  wall  resembles  the 

rain  in  its  structure,  and  may  be  considered  as  a  part  of  that  organ. 

t  is  not  necessary  to  enter  into  a  more  detailed  description  of  the 

'^Sevelopment  of  the  different  parts  of  the  eye. 

§  17.  The  ear  originally  appears  on  either  side  of  the  hind-brain 
^^s  an  involution  of  the  external  epiblast,   sunk  in  a  mass  of  the 
i^mesoblast     It  is  then   simply  a  shallow  pit  with   a   wide-open 
:XTiouth.     The  mouth  closes  up  and  the  pit  then  becomes  a  closed 
"^^-esicle  (the   otic  vesicle)  which   is  lined   with   epibList  and   sur- 
T^rounded  by  mesoblast.     As  the  walls  of  this  vesicle  thicken,  its 
^iavity  enlarges.     The  shape  of  the  vesicle  is  at  first  nearly  spberi- 
^sal,  but  it  soon  becomes  triangular,  with  the  apex  of  the  triangle 
Erected  inward  and  downward.     It  is  by  elongating  this  apex  that 
\he  rudiment  of  the  cochlear  canal  is  formed.     Part  of  the  vesicle 
becomes  stretched  into  a  long,  narrow,  hollow  process  (the  recesaus 
xesiibuli),  and  from  the  outer  wall  of  the  main  body  two  protube- 
rances grow,  which  are  the  rudiments  of  the  vertical  semicircular 
canals.    These  parts  of  the  auditory  labyrinth  are  soon  more  clearly 
defined.     The  cochlear  canal  is  further  elongated  and  curved  ;  the 
recessua  is  also  stretched  out  more  ;  and  from  a  new  protuberance 
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the  horizontal  canal  is  derelopecL  Another  protaberaaoe,  which 
becomea  apparent  at  the  inner  commenoement  of  the  coohlear 
canal,  is  conTerted  into  the  muxulua  bj  being  constricted  on  either 
aida  The  rest  of  the  caTitj,  into  which  all  the  other  parts  open, 
may  now  be  called  the  utriculuM.  Dihitations  of  the  semiciicalar 
canals  form  the  ampuUa.  When  the  cochlear  canal  has  reached  two 
and  a  half  coils,  the  thickened  epithelium  of  its  lower  smfaoe 
forms  a  doable  ridge,  from  which  the  organ  of  Corti  is  developed. 
For  the  details  of  the  stmcture  of  the  labyrinth  we  refer  to  the 
prerious  description  of  this  end-organ  of  sensa 

§  18.  All  the  coarser  differentiations  of  stnxctare  to  which  refer- 
ence has  thus  far  been  made  are  only  the  expression — as  it  were— 
of  certain  histogenetic  changes  which  have  been  secretly  taking 
place.  The  kying  down  of  delicate  threads  of  nerrous  tiasue,  the 
proliferation  of  nenre-cells  along  definite  lines  of  moYcment^  hare 
resulted  in  combining  these  elements  by  a  living  process  into  the 
organs  of  the  nerrous  mechanism.  The  white  matter  of  the  cord 
is  supposed  to  result  from  a  differentiation  of  the  outer  parts  of  its 
superficial  cells  into  longitudinal  nerre-fibres ;  the  latter  remain, 
howerer,  for  a  considerable  time  without  their  medullary  sheath. 
The  white  matter  first  appears  in  four  patches  at  the  front  and 
l^ack  of  either  side,  in  which  the  individual  fibres  seem  like  small 
dots.  The  gray  matter  of  the  ccard  is  formed  by  a  differentiation 
i^  the  principal  mass  of  the  walls  of  the  meduUazy  canaL  The 
outer  c«»ll8  first  lose  their  epithelial-like  arrangement^  and  then 
Ihhxuuo  converted  into  true  nerve-cells,  with  prolongations  that 
i\ui8titiiti>  uerre-fibrea  The  eariy  histological  character  of  the 
l^rtii  of  the  brain  which  lie  back  of  the  cerebral  hemispheres  is 
yvvy  niuular  to  that  of  the  spinal  cord.  In  the  floor  of  the  hind- 
hii4iu  AUil  mid-brain  a  superficial  layer  of  deUcate  nerve-fibres  is 
«v%i'lv  fvtnuiHl.  The  cells  internal  to  the  nerve-fibres  give  rise  to 
tlM«  «'|ntlu  UhI  Uyor  which  lines  the  carities  of  the  ventricles  and  to 
Nil  outer  Uver  of  ^rray  matter.  In  the  fore-brain  the  walls  of  the 
liitiiiiiiphen'N  Uvome  dirided  into  two  layers^  between  which  the 
ttlMVH  of  tho  crura  cerebri  interpose  themselve&  The  inner  layer 
iMiUnn  with  thot«e  fibres  to  give  rise  to  most  of  the  white  matter  of 
ttii«  lieiiiinphor^^d  ;  tho  outer  layer  of  rounded  cells  becomes  further 
itinvitnitrnttHl  into  tho  outer  part  of  the  gray  matter,  which  has 
iMitiipiutitivelv  fow  ct^lK  and  a  deeper  layer  with  numerous  cells, 
(till  MWv  forming  tho  principal  mass  of  the  gray  matter  of  the 

I  lU  'rii0  |irt^<HHling  description  of  the  outlines  of  the  develop- 
««MMil<  of  tho  hunmu  nervous  mechanism  is  derived,  for  the  most 
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port,  from  the  ntadj  of  other  embryos  than  those  of  the  human 
species.  It  is  probably,  however,  substantially  true  for  the  latter 
also.  It  is  valuable  for  the  purposes  of  Physiological  Psychology, 
chiefly  as  emphasizing  what  has  already  been  said  concerning  the 
structure  and  functions  of  this  mechanism  in  its  developed  form. 
The  nature  of  the  process  by  which  the  nervous  system  is  devel- 
oped, as  well  as  the  nature  of  the  developed  structure  and  its  func- 
tions, as  far  as  physical  science  can  go  at  all,  leads  us  in  the  direc- 
tion of  a  mechanical  theory.  But  in  respect  to  both,  such  a  theory 
is  at  present  in  an  exceedingly  fragmentary  and  uncertain  condition. 
Further  investigations  may  largely  remove  the  present  limitations. 
But  the  most  complete  theory  possible  can  hardly  be  more  than 
a  statement  of  the  order  and  extent  of  physical  changes,  the  real 
causes  and  meaning  of  which  it  lies  beyond  the  power  of  a  mechani- 
cal theory  to  give. 

The  impregnated  ovum  does,  indeed,  become  converted  into  the 
developed  organism  by  an  evolution  that,  at  every  step  in  its  course, 
appears  as  an  alteration  in  the  arrangement  of  material  molecules, 
under  conditions  derived  from  the  original  nature  of  the  molecules 
themselves,  from  their  necessary  relations  to  each  other,  and  from 
the  action  of  their  total  environment  By  division  of  that  which 
was  single  into  several  parts,  by  bending  of  that  which  was  straight^  . 
bj  stretching  in  one  direction  and  compressing  elsewhere,  by  swell- 
ing and  dilating  in  the  various  outlines  under  the  influence  of  press- 
ure, by  folding  and  tucking  in  so  as  to  close  up  an  opening  here 
and  form  another  there,  by  laying  down  cells  of  the  same  kind  in 
right  lines  or  grouping  them  in  masses,  etc. — in  brief,  by  motion 
of  particles  of  matter  in  such  way  that  the  motion  of  each  is  con- 
ditioned upon  that  of  the  others,  the  nervous  mechanism  is  built 
up.  What  it  can  accomplish  in  the  way  of  further  molecular  mo- 
tion, after  it  is  thus  built  up,  depends  of  course  in  large  measure 
upon  what  it  is  made  to  be  by  the  very  process  of  building.  How 
far  it  is  possible  even  to  propound  a  mechanical  theory  of  the  build- 
ing process  belongs  to  the  speculations  of  embryologists  to  con- 
sider. It  is  our  next  problem  to  consider  as  a  whole  the  few  data 
upon  which  it  has  been  thought  possible  to  base  a  mechanical  • 
theory  of  the  behavior  of  the  nervous  system  after  it  has  once  been 
constructed  as  a  result  of  the  embryonic  process. 


CHAPTER  TIL 

OF  THE  AlglOliS  SISTEIL 

|L  The  maehiiie-Ske  mtore  of  moA  of  the  atngiure  mJ  mofe- 
iD«oi  (^  the  haman  bodf  does  not  eaciipe  the  most  OKdmazy  ofaser- 
Tstaon*  WImsi  this  bod  J,  eitiMr  ass  whole  or  with  respeet  to  some 
of  its  parts,  disnges  its  positioii  in  ^paee,  its  larioos  msaaes  sup- 
port sod  act  upon  eadi  other  in  eaBendallj  the  same  manner  as 
the  maases  of  matter  which  compose  the  psits  of  anj  marhfne  oon- 
stmcted  bj  homan  sldlL  Sodi  morement  is  possiUe  lor  it»  becanae 
its  framework  of  bones  has  a  rigiditj  snfBoait  to  sustain  the  other 
lens  rigid  organs ;  and  because  the  hemes  are  so  dirided,  and  yet 
articulated,  that  thej  can  assume  difSsrent  relations  toward  one  an- 
other in  accordance  with  the  simplest  principles  of  mechanics. 
Till;  laws  of  the  leTer,  of  the  pulley,  the  ball-and-soeket  joint,  etc., 
need  no  modification  when  applied  to  this  particular  machine  of  the 
human  body. 

The  action  of  certain  other  of  its  parts,  which  do  not  belong 
to  the  bony  framework  but  which  are  of  muscular  or  epithelial 
structure,  is  also  plainly  of  the  same  machine-like  character.  The 
ifirifomont  of  the  heart,  for  example,  is  in  part  to  be  explained  as 
that  of  a  pump  with  chambers  and  yalves ;  and  the  flow  of  the 
blood  through  the  arteries  as  that  of  a  fluid  pumped  through  con- 
duits, of  unlike  and  changeable  sizea  So,  too,  the  lungs  may  be, 
with  considorablo  propriety,  compared  to  bellows  which  alternately 
suck  in  and  cxpol  the  surrounding  atmosphere.  The  optics  of  the 
eyo  and  tho  acoustics  of  the  ear  are  special  only  so  far  as  the  struct- 
ure of  tho  organs  makes  necessary  a  special  application  of  the  gen- 
eral laws  of  those  sciences.  Moreover,  the  distribution  of  the 
fluids  among  tho  tissues  of  the  body  takes  place  under  the  laws 
which  govern  the  distribution  of  fluids  generally  when  separated  by 
monibrancH  which  they  can  permeate.  Nor  is  the  chemistry  of  the 
samo  tisHUORand  fluids  by  any  means  wholly  unlike  that  with  which 
tho  cxporiniontB  of  tho  laboratory  make  us  familiar.  When,  how- 
ever, WO  begin  to  speak  of  those  changes  of  relative  position  which 
fako  place  at  extremely  minute  distances  among  the  molecular  ele- 
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meniB  of  which  the  larger  masees  of  the  body  are  composed,  we 
seem  compelled  to  drop  the  conception  of  a  machine  and  to  seek 
both  another  conception  and  another  title. 

The  very  attempt,  then,  to  explain  the  motion  of  the  more  purely 

machine-like  parts  of  the  human  body,  leads  us  to  consider  certain 

activities  of  other  parts  for  which  the  word  "  mechanism  "  is  more 

jippropriate.     The  movement  of  none  of  the  more  or  less  rigid  or- 

^ajoM  of  the  body  originates  within  these  organs  themselvea     The 

<2hanges  of  relative  position  in  the  parts,  with  which  the  ordinary 

3awB  of  mechanics  deal,  imply  antecedent  molecular  changes  in 

other  parts  with  which  these  laws  cannot  deal.    The  motion  which 

:£iid8  its  final  expression  in  the  swing  of  the  arm,  or  of  the  leg,  in 

'the  lifting  of  a  weight,  and  even  in  the  contraction  of  the  heart,  or 

in  the  rising  and  falling  of  the  chest,  does  not  begin  in  arm,  or  leg, 

or  ribs,  or  diaphragm,  or  cardiac  muscle&     The  change  of  position 

^>f  so  considerable  masses  of  matter  is  but  the  summing-up  of  in- 

xnimerable  minute  molecular  changes  which  began  within  the  body, 

^ut  outside  of  the  masses  themselves.     If,  for  example,  we  inquire 

^18  to  what  causes  the  bones  to  move — however  strictly  their  mo- 

^Cdon,  once  begun,  may  follow  the  laws  of  mechanics — the  answer  is 

^Co  l>e  found  in  the  pull. of  the  tendons,  or  cord-like  structures, 

"^nrhich  are  attached  to  them.     And  if  we  then  inquire.  What  causes 

-die  tendons  to  pull  upon  the  bones  by  means  of  their  attachment? 

"die  answer  must  be.  That  it  is  the  contraction  of  the  muscles  which 

pulls  upon  the  tendon& 

The  next  step  in  following  this  chain  of  causes,  however,  intro- 
€3aces  us  to  a  different  class  of  considerations  from  any  of  the  fore- 
going.    For  we  cannot  say  that  the  contraction  of  the  muscles  is 
oaused  by  the  pull  of  the  nerves  upon  them.     The  movement  of 
znusoular  fibre  in  contraction  is  an  altogether  different  affair  from 
the  movement  of  the  bones  as  they  are  pulled  by  the  muscles  ;  nor 
do   the  nerves  act  upon  the  muscles  as  the  muscles  act  upon  the 
tendons.     The  elasticity  of  the  muscles  is,   indeed,  a  mechanical 
quality,  like  that  of  which  we  avail  ourselves  in  the  construction  of 
loaebinea     But  the  quality  of  elasticity  does  not  fully  explain  the 
behavior  of  the  so-called  muscle-nerve  machine  when  its  muscular 
tissue  is  contracting  or  relaxing.     Yet  the  living  muscle,  in  itself 
considered,  may  certainly  be  looked  upon  as  a  molecular  mechan- 
ism.     It  is  a  system  of  minute  particles  of  matter  which  act  upon 
each  other  at  indefinitely  small  distances  ;  and  which,  when  any 
motion  is  set  up  at  one  part  of  it,  propagates  such  motion  accord- 
ing to  laws  that  are  given  in  the  very  constitution  and  arrangement 
of  the  particles  themselves.     This  is  precisely  what  we  understand 
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by  a  physical  molecular  mechanism.  The  office  of  the  nerve  with 
respect  to  the  muscle  is  simply,  as  we  know,  to  start  that  molecular 
activity  which  it  is  the  function  of  the  irritated  muscle  itself  to  ex- 
ercise. The  nerve,  however,  cannot  perform  its  office  of  irritating 
the  muscle  without  being  in  a  state  of  molecular  commotion  called 
the  ' '  excitement ''  of  the  nerve.  And,  further,  this  excited  conditioD 
of  that  part  of  the  nerve  which  is  in  immediate  contact  with  the 
muscle  is  itself  a  state  of  the  nerve  which  has  been  propagated  from 
a  distant  point  of  the  nervous  matter.  All  the  machine-like  move- 
ments of  the  masses  of  the  body  require  us,  therefore,  to  look  tofr 
their  origin  in  minute  molecular  changes  that  originate  in  its  ner- 
vous elements.  And  for  the  further  account  of  these  neural  molec- 
ular changes  we  are  to  look  to  a  mechanical  theozy  of  the  nervous 
system. 

§  2.  The  basis  for  a  general  view  of  the  nervous  system  as  m 
mechanism  has  been  laid  in  all  the  preceding  examination  ;  and 
it  cannot  be  denied  that  the  results  of  this  examination  are  such 
as  to  dispose  us  favorably  toward  the  attempt  to  develop  such  m 
view  into  a  complete  mechanical  theory.  Physical  science,  as  a 
matter  of  course,  strives  to  establish  such  a  theory.  It  knows  no 
other  way  of  considering  any  group  of  phenomena  when  brought 
before  it  for  examination.  To  deny  totally  the  application  of  the 
conception  of  a  mechanism  to  the  action  of  the  nervous  system 
would  be  to  refuse  to  apply  to  its  phenomena  the  same  scientific 
treatment  which  we  apply  to  all  other  physical  phenomena.  To 
limit,  a  priori,  such  application  would  be  to  restrict  improperly,  on 
merely  theoretical  grounds,  the  area  of  the  phenomena  with  which 
such  science  is  entitled  to  deal.  The  fact  that  molecular  changes 
here  ore  correlated  with  another  class  of  phenomena  which  we  call 
"  mental,"  in  no  wise  destroys  the  propriety  of  pushing  our  physical 
science  of  the  nervous  system  to  its  furthest  possible  limits.  The 
movements  of  all  material  bodies,  whether  in  the  elemental  shape 
of  the  molecules,  or  in  the  shape  of  the  same  molecules  when  aggre- 
gated into  masses,  as  well  as  the  laws  under  which  such  bodies  in 
movement  act  nnd  react  u|X)n  each  other,  constitute  the  legitimate 
sphere  of  physical  science.  But  it  is  to  a  system  of  interacting 
molecules  that  the  conception  of  mechanism  especially  applies. 
The  aim  of  physical  research  with  regard  to  any  given  system  of 
this  kind  is,  therefore,  not  accomplished  until  all  the  movements 
of  its  different  parts  are  explained  in  the  light  of  a  conaisient 
mechanical  theory.  This  general  principle  of  aU  physical  seieDee 
neither  needs  nor  permits  a  special  exception  in  the  case  of  the 
humain  nerves,  organs  of  sense,  and  brain* 
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On  the  other  hand,  the  very  tmsatisfactoiy  condition  of  the  data 
fcyr  a  mechanical  theory  of  the  human  nervous  system  has  been  im- 
plied in  each  of  the  preceding  chapters.     It  will  appear  all  the 
more  plainly  now  as  we  present  briefly  a  statement  of  two  or  three 
such  theories  in  the  form  in  which  it  has  been  found  possible  for 
different  iuTestigators  to  state  and  to  defend  them.     Nor  can  we 
express  much  confidence  that  physics  and  physiology  combined 
will  ever  be  able  to  point  to  a  complete  theory  of  so  intricate  and 
delicate  a  mechanism  as  this  nervous  system.     Moreover,  we  do  not 
by  any  means  affirm  that  a  purely  mechanical  treatment^  however 
complete,  would  of  itself  suffice  to  furnish  a  satisfeictory  understand- 
ing of  all  the  phenomena  ;  or  even  that  the  phenomena  in  general 
could  by  any  possibility  be  brought  solely  under  the  terms  of  such 
treatment     We  only  affirm  the  unrestricted  right  of  physical  sci- 
ence to  attempt,  in  the  light  of  the  conception  of  mechanism,  an  ex- 
planation of  the  nervous  system  as  well  as  of  all  other  physical 
subjects ;  and  also  its  right  to  its  persistent  faith  that — So  far  aa 
physical  Ktence  can  complain  any  such  subject,  all  the  special  difficul- 
ties of  the  nervous  system  can  be  fitly  considered  only  in  this  way. 
§  3.  The  chemical  constitution  and  structural  form  of  the  ele- 
ments of  nervous  matter  require  that  the  system  which  they  com- 
pose should  be  regarded  in  the  light  of  the  conception  of  mechan- 
ism.    It  is  true  that  physical  science  cannot  give  an  accurate  descrip- 
tion of  the  chemical  processes  which  take  place  in  the  formation  of 
the  nerve-fibres  and  nerve-cells,  or  during  their  functional  activity  ; 
it  cannot  do  so  much  as  this  for  the  living  tissues  generally.     But 
it  finds  here  the  some  chemical  elements  which  exist  elsewhere 
in  nature,  especially  the  four  elements,  oxygen,  hydrogen,  nitrogen, 
and  carbon.     It  nowhere  finds  these  elements  behaving  differently 
in  the  nervous  system  from  the  way  in  which  it  is  their  nature  to 
behave  elsewhere,  under  similar  circumstances.     And  the  fact  that 
precisely  similar  circumstances  do  not  occur  to  induce  the  same 
combination  and  interaction  of  these  elements  outside  of  the  ner- 
vous system,  is  traced  back  to  its  causes  in  a  succession  of  occur- 
rences that  all  have  the  character  belonging  to  the  chemistry  of 
living  tissuea     We  know  of  no  sap  which  is  suitable  for  forming 
organisms  in  general,  but  which  is  itself  a  perfectly  homogeneous 
fluid.     Nucleated  granules  in  the  very  chemical  constituents  which 
^ve  conditions  to  all  the  subsequent  activity  of  the  molecules,  are 
revealed  by  microscopic  examination  of  those  cells  from  which  the 
whole  body  springs.     This  fact,  together  with  the  character  of  the 
subsequent  process,  may  lead  some  to  insist  that  a  certain  special 
form  of  energy  (called  ''vital  force,"  or  by  some  less  obnoxious 
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title),  is  TnftrBhftHing  the  miniite  paiiideB under  its  sapenar  oonirtd. 
But  such  way  of  consideriDg  the  pbeiKnneiia — whether  admiflBiUe 
or  inadmiflsihle — does  not  at  all  help  os  to  dupenfle  with  the  pnrefy 
mechanical  point  of  view.  In  the  original  Ihring  germ  with  which 
the  organism  began,  and  in  all  its  sabsequent  development,  erery 
chemical  change  in  nerrous  matter  is  nothing  nuwe  than  a  move- 
ment of  physical  molecules,  strictly  nnder  the  ocmditions  furnished 
by  their  constitution  and  previous  arrangemenL 

The  general  significance  of  the  chemical  oonstiiaiion  of  ner- 
vous matter,  with  reference  to  a  mechanical  theory  of  the  nervous 
system,  is  by  no  means  wholly  obscure.  It  is  obvious  that  all  the 
energy  expended  in  the  movement  of  the  body  as  a  whole,  or  of  its 
larger  masses,  originates  in  minute  molecular  changea  The  latter 
changes  have,  of  course,  a  direct  relation  to  the  chemical  constitu- 
tion of  the  tissues  in  which  they  occur.  The  muscular  fibre  can 
contract  because  its  molecules  admit  of  that  rearrangement  in 
which  the  contraction  essentially  consists ;  for  doing  the  amount  of 
work  implied  in  such  rearrangement,  this  fibre  is,  of  course,  depen- 
dent upon  its  own  chemical  constitution.  But  the  source  of  the 
excitation  of  the  muscle  is  to  be  found  in  antecedent  molecular 
changes  within  the  nervous  system  ;  indeed,  all  the  changes  that 
are  to  be  summed  up  in  the  work  done  by  and  within  the  rigid 
masses  of  the  body  have  their  origin  here.  It  accords,  then,  with 
the  mechanical  conception  of  the  nervous  system  that  its  chemistry 
should  be  just  such  as  we  have  seen  that  it  actually  is.  Nervous 
matter  holds  in  store -a  large  amount  of  energy  that  is  easily  dis- 
posable ;  of  energy  that  will  be  yielded  freely  and  rapidly  if  any- 
thing occurs  to  start  the  process  within  the  system  of  molecules 
of  which  such  matter  is  composed.  For  the  molecides  are  of  such 
kind  as  readily  break  up  and  recombine  their  elements  in  simpler 
forms  ;  in  doing  this  they  render  kinetic  a  large  amount  of  energy 
which  they  have  previously  held  latent 

No  mechanical  theory  of  the  nervous  system  can  explain  the 
meaning  of  all  the  various  structural  forms  which  the  elements  of 
this  system  assume.  It  cannot  be  told,  for  example,  what  peculiar 
place  in  the  mechanism  belongs  to  the  different  shapes  of  nerve- 
cells,  bipolar,  multipolar,  stellate,  etc.  Nor  can  a  complete  picture 
be  drawn  of  the  differences  in  character  which  the  nerve-commotion 
takes  as  it  passes  from  the  nerve-fibres  to  the  nerve-cells,  or  from 
one  nerve-cell  to  another.  We  can  only  insist  upon  the  undoubted 
general  fact  that  elII  these  structural  forms  have  whatever  signifi- 
cance belongs  to  them,  because  they  are  themselves  molecular 
structures,  capable  of  undergoing,  in  relation  to  each  other,  those 
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ieh  the  fauctional  activity  of  tlie  nervous  aystcini 


no  doubt  that  the  arrangement  of  the  nervous 

tta  curresponds  to  tbe  couceptiou  of  luechaDiBm. 

work  of  "  cvnoalenatin'j  "  tlie  different  physical  ayetema  of 

,  and  of  adjusting  iia  relations   to    the    changes   in  ita 

it,  iT(]iiirv«  to  be  occompUshed.    This  problem  demands 

of  function  ;  it  isa  problem  in  the  conatniction 

Th«  nervous  system  actually  ia  of  threefold  con- 

;  its  tfaivefnld  construction  is  the  answer  which   it  prac- 

■Icc*  to  the  nljoTe- mentioned  problem.     One  part  of  the 

problem  consista  in  the  coaTersion  of  certain  of  those 

motions  which  take  place  in  nature  outside  of  the  Uriug 

into  mt>h«ular  motion  within  the  tissues  of  such  organism. 

intion  of  this  part  of  the  problem  is  fumiehed  by  the  end- 

o(  the  nerroufl  Mysteni.     The  end-organs  are  those  special 

which  nru  adapttMl  to  convert  the  molecular  motions 

stimuli  into  the  molecular  motions  colled  ueunU  excitation. 

far  the  lnrger  portion  of  the  eye  and  cnr,  for  example,  acts 

mvcbomcal  way,  there  is  no  doubt     It  is  the  office  uf 

m  of  the  eye  to  transmit  and  refract  the  rays  of  light ; 

traDStnit  and  condense  the  ucoustio  wavet.    But  when 

(IcmeDta  of  the  retina  and  of  the  organ  of  Corti  re- 

ml  procMWS  transmitted  to  them,  they  transmute 

procoMs  into  plij-siological  neuml  processes ;   in 

«et  M  Rfwdal  molecular  mechaQisma 

•rt  of  the  complex  problem  before  the  nervous  syft- 

tbo  conduction  iu  all  necessary  directions  of  these 

otdy  on  this  cuudiiioa  cun  distant  juirts  of  the 

aet,  as  it  were,  in  view  of  each  other,  and  thus  the 

boond  into  a  liviug  unity  under  the  influence  of 

uivinmroent,  and  in  the  ideas  and  impulses  of  the 

solve  this  part  of  the  problem.     This  they 

which  hare  such  a  molecuhir  constitn- 

that  a  commotion,  started  at  any  point  in  the 

of  the  system,  spreads  from  molecule  to  molecule, 

with  the  laws  of  the  ^it«m. 

lUrd  part  of  the  same  complss  problem  roqnirM  for  its  sota- 

inm  and  functions  still  more  intric«te  and  innplioablsL 

BMilsealardiiturbaoeesraastberaodifledaiidredistributed 

to  give  rtM  to  outgoing  molecular  disturbances  along  definite 

is  onlftr  that  dcfloite  gronps  of  muades  may  be  made  to  con* 

ObIj  ia  tliia  way  can  the  wboU  pbyaical  organism,  by  a  so- 
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called  reflex  activity,  adjust  its  condition,  in  Tiew  of  the  pgoaenee  of 
given  kinds  and  degrees  of  stimoli.  Moreover,  the  vital  fnnctioDS — 
the  movements  that  control  respiration,  digestion,  circulation  of  the 
blood  and  of  other  floids,  etc — most  be  united  so  as  to  work  to  a 
common  end,  and  with  the  modified  forms  and  degrees  of  their  re- 
spective energies,  which  the  changing  circnmstances  require.  Still 
further,  not  only  must  the  neural  processes  set  up  by  the  end-<nr- 
gans  and  conducted  inward  by  the  aflforent  nerves  have  a  place  of 
meeting  in  proximity  with  the  centres  of  origin  for  the  oorreqxmd- 
ing  efferent  impulses ;  but  all  the  neural  processes  in  this  place  of 
meeting  must  also  be  so  modified  and  made  mutually  dependent 
that  they  can  be  correlated,  under  psycho-physical  laws,  vrith  the 
processes  of  mind.  It  is  the  central  organs  which  alone  possess 
the  molecular  construction  and  functions  necessary  for  such  won- 
derful reflex  and  automatic  activitiea  In  their  highest  form — the 
hemispheres  of  the  human  brain — they  solve  the  problem  of  pro- 
viding a  system  of  molecules,  whose  constitution  and  changes  may 
be  immediately  related  with  the  phenomena  of  mind.  These  central 
organs  are  extremely  intricate  physical  structure&  It  cannot  be 
pretended  that  even  a  beginning  has  been  made  toward  a  satisfac- 
tory theory  of  their  functional  activity  considered  as  a  special  case 
in  molecular  physics.  But  this  fact  does  not  affect  the  confidence 
which  is  based  upon  what  is  known  of  physical  structures  in  gen- 
eral, that  in  these  organs,  the  changes  which  take  place  are  essen- 
tially of  the  same  order  as  are  those  with  which  the  science  of  mo- 
lecular physics  has  elsewhere  to  deal.  They  are  modes  of  motion  in 
which  the  behavior  of  each  molecule,  regarded  as  a  constituent 
element  of  the  system,  is  conditioned  upon  the  constitution  and 
behavior  of  the  other  members  of  the  same  system.  That  is  to 
say,  the  central  organs  must  be  regarded  in  the  light  of  the  con- 
ception of  mechanism. 

g  5.  The  general  office  of  the  nervous  system  may,  then,  be  de- 
scribed in  somewhat  the  following  manner.  The  development  of  a 
rich  and  varied  life,  both  animal  and  intellectual,  requires  a  great 
store  of  sensations  and  of  motions.  The  sensations  are  primarily 
designed  to  serve  as  signs  of  changes  in  the  environment  of  the 
animal  to  which  his  condition  must  be  adapted  by  movement  of 
his  bodily  parts ;  but  they  are  also  to  serve  as  a  basis  for  intel- 
lectual attainment  and  development  The  forces  of  external  nature 
continually  storm  the  peripheral  parts  of  the  animal's  body.  In 
order  that  any  of  these  forces  may  act  as  the  stimuli  of  sensations^ 
they  must  be  converted  into  molecular  motions  within  the  tissues 
of  this  body.    In  order,  further,  that  the  masses  of  the  body  maj 
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eonstsnttj  be  readjusted  to  the  external  ohangea  of  which  the  sen- 
sations  are  signa^  the  moleeobur  motions  must,  in  turn,  be  converted 
into  moTements  of  these  masse&  In  other  words,  a  process  of  con- 
stant interchange  must  take  place  between  the  animal  organism 
and  external  nature. 

Disturbances  in  one  part  of  the  body,  by  the  play  upon  it  of  nat- 
ure's energy,  instead  of  becoming  injurious  or  destructive,  are 
thus  made  senrioeaUe  through  inducing  the  needed  disturbances 
of  other  parts  of  the  same  body.  The  equilibrium  on  which  life 
depends  is  maintained.  Moreover,  the  material  necessary  for  self- 
conscious  development^  for  a  growing  knowledge  of  the  so-called 
outside  world,  is  furnished  through  the  conduction  of  these  dis- 
turbances to  their  common  meeting-places  in  the  central  organ& 

To  accomplish  the  general  work  of  equilibrating  the  interaction 
of  the  different  parts  of  the  body,  of  readjusting  its  condition  to 
the  changing  condition  of  its  surroundings,  some  special  construc- 
tion and  arrangement  of  material  molecules  is  necessary.  If  the 
Trark  is  to  be  done  in  a  highly  elaborate  way,  a  very  intricate  ar- 
rangement of  an  indefinitely  great  number  of  chemically  complex 
molecules  is  necessary.  Such  an  arrangement  is  the  human  ner- 
vous system.  But  just  because  its  arrangement  and  function  are 
of  this  kind,  it  is  a  *' mechanism"  As  a  liighly  complex  molecular 
mechanism  it  utilizes  the  disturbances  which  arise  from  the  en- 
vironment It  binds  together  all  the  other  systems  of  the  body  in 
living  reciprocity  of  energies  and  functions.  Its  superficial  parts 
are  so  constructed  that  they  can  be  set  in  motion  hy  various  forms 
of  physical  energy — by  Hght,  heat,  sound,  chemical  change,  etc. ; 
they  are  also  adapted  fitly  to  modify  the  impressions  thus  receive<l. 
The  molecules  of  its  conducting  nerves  are  so  constituted  and  ar- 
ranged that  they  can  indicate  the  path  along  which  the  disturbance 
thus  occasioned  must  pass ;  they  can  dictate  the  conditions  and 
laws  under  which  its  course  must  be  completecL  Tlie  molecules  of 
its  central  organs  are  capable  of  assuming  inconceivably  varied  re- 
lations to  each  other,  of  thus  transmuting  and  redistributing  the 
nerve-commotions  which  reach  them  along  the  incoming  tracts,  and 
even  (it  would  seem)  of  starting  automatically  outgoing  disturb- 
ances in  response  to  self-conscious  sensations  and  ideas. 

But  all  the  foregoing  offices  of  the  nervous  system  are  nothing 
but  the  movements  of  physical  elements,  in  constant  reciprocal  de- 
pendence upon  each  other,  though  in  response  to  excitationn  Ipng 
outside  of  the  system  itself.  To  move  thus  is  the  function  of  a 
molecular  mechanism.  So  far  as  science  can  control  the  different 
parts  of  the  nervous  system  for  experimental  pur|>oses,  it  finds 
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ihem  behaving  in  such  a  manner  as  to  make  a  plain  demand  for  a 
physical  and  mechanical  theory  in  explanation  of  their  behavior. 

§  6.  The  foregoing  description  of  the  nervous  system  as  a  mech- 
anism, like  all  similar  descriptions,  undoubtedly  lacks  scientific 
quality.  It  is  neither  exact  nor  in  such  form  as  to  admit  of  ex- 
perimental verification.  It  is  largely  based  upon  conjectures,  full 
of  gaps  and  assumptions ;  and  were  it  pressed  at  every  point  for 
proof,  it  would  be  obliged  to  rely  much  upon  general  principles  in 
mechanics  (the  special  applications  of  which  to  the  case  in  hand  are 
by  no  means  certain  or  obvious),  and  even  to  indulge  in  hopes  and 
promises  with  reference  to  the  future,  rather  than  present  demon- 
stration. May  we  not  know  more  precisely  the  nature  of  the  mo- 
leculai*  changes  which  constitute  the  functions  of  nerve-fibres  and 
nerve-cells  ?  Cannot  physical  science  help  us  to  complete  these  be- 
ginnings of  a  theory  ? 

In  answer  to  the  question  just  raised  we  have  already  seen  how 
Httle  satisfaction  is  afforded  on  applying  to  the  science  of  chemistiy. 
On  general  principles  of  physical  science  there  can  be  little  doubt 
that  the  excitation  and  conduction  of  nerve-commotion  is  dependent 
upon  a  chemical  change  in  the  nervous  tissue  itselL  Moreover,  we 
know  that  the  process  of  conduction  in  the  nerve  requires  each  of 
its  molecules  to  act  upon  the  neighboring  elements  as  the  condition 
of  the  process  continuing.  Nor  can  this  process  itself  be  a  mere 
impartatiou  of  motion,  from  molecule  to  molecule  ;  on  the  contrary, 
tlio  phenomena  of  electrotonus  seem  to  show  that  it  must  also  con- 
sist iu  the  setting  free  of  energy  which  exists  latent  within  the 
molecules  of  the  nerve-substance.  These  molecules  contain,  then, 
by  virtue  of  their  constitution,  stored  or  potential  energy  which  ia 
converted  into  kinetic  energy  in  the  propagation  of  the  process  of 
excitation,  and  which  is  expended,  in  part,  in  either  inhibiting  or 
increasing  the  energy  of  that  process.  Such  potential  energy  can 
scarcely  be  other  than  chemical. 

Accordingly,  we  should  be  tempted  to  describe  the  process  of 
progi-essive  excitation  of  the  nerve  somewhat  as  follows :  Every 
element  of  the  nerve,  by  reason  of  its  highly  complex  and  unstable 
chemical  constitution,  contains  a  large  store  of  energy  ;  the  excite- 
ment of  the  nerve  consists  in  the  explosive  decomposition  succea- 
sivelv  of  these  elements  of  the  nerve  ;  and  the  result  of  the  decom- 
position  is  the  setting  free  of  the  stored  energy  to  be  expended  in 
part  in  the  excitation  of  the  next  adjoining  elements.  The  process, 
then,  is  not  altogether  unUke  the  burning  of  a  line  of  powder 
grains.  Such  an  hypothesis,  however,  would  at  once  have  to  answer 
several  difficult  questiona    Why  does  not  the  whole  of  the  explosive 
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sabstanoe  bam  up,  instead  of  only  an  amount  of  it  approximately 
proportional  to  the  strength  of  the  stimulus  which  sets  the  process 
agoing  ?  Analogies  may  indeed  be  found  in  the  union  of  chlorine 
and  hydrogen  under  the  action  of  light.  What  checks  the  process 
in  the  nerve  as  a  whole,  and  what  limits  it  quantitatively  in  a  differ- 
ent way  at  diflGurent  points  in  its  course,  so  as  to  give  the  phenomena 
of  anelectrotonus  and  catelectrotonus  ?  (comp.,  Chap,  m,  §  19  L), 
Moreover,  direct  observation  has  as  yet  discovered  no  indisputable 
evidence  of  functional  chemical  changes  in  the  nerve-fibres.  If 
such  changes  exist  at  all  they  are  exceedingly  small. 

§  7.  Allusion  has  been  made  (p.  119  f.)  to  the  fact  that  the  effect 
of  several  excitations  of  a  nerve-stretch  is  compounded,  as  it  were, 
in  the  action  of  the  attached  muscle.  That  is  to  say,  excitations 
Tvhich  are  simultaneous,  or  which  follow  each  other  with  sufficient 
and  not  too  great  rapidity,  are  summed  up  in  the  nerve,  like  mo- 
lecular waves  of  nerve-commotion  piled  upon  each  other.  Besides 
such  phenomena  of  "  summation,"  thei*e  exist  analogous  phe- 
nomena of  so-called  "  interference  ; "  and,  further,  of  the  facilitat- 
ing effect  which  one  excitation  has  upon  others  following  it  along 
the  same  paths  of  conduction,  especially  iu  the  central  organs. 
These  and  similar  phenomena  tempt  us  to  consider  the  activity  of 
the  nervous  substance  in  terms  of  an  exceedingly  complex  sum  in 
the  addition  and  subtraction  of  molecular  disturbances  of  a  wave- 
like character.  Elaborate  experiments  have  been  made  to  deter- 
mine the  laws  under  which  such  summation  or  interference  of 
electrical  excitations  takes  place.  Thus  G.  Valentin^  assunus  that 
the  case  of  the  nerves  comes  under  the  general  theory  of  molecular 
-waves  that  may  either  be  piled  upon  each  other,  or  may  interfere 
-writh  each  other.  The  interferences  he  calls  "  positive  "  when  the 
currents  are  moving  in  the  same  direction,  '*  negative  "  when  they 
are  moving  in  opposite  directions  ;  and  such  currents  may,  of 
course,  be  either  ascending  or  descending.  The  character  of  the 
interferences  is  to  be  defined  by  the  way  in  which  the  nerve-inuscle 
machine  responds  to  these  four  kinds  of  interference.  The  inter- 
ference has  a  heightening  effect  (is  crhOlumde)  when  the  result 
indicated  by  the  behavior  of  tlie  muscle  is  greater  than  the  sum  of 
two  single  effects  from  the  partial  excitations  that  are  compounded  ; 
a  depressing  effect  when  the  result  is  less  than  this  sum.  If  the 
effect  of  the  interference  is  such  as  to  reduce  the  result  to  zero, 
it  is  called  inhibitory.  Valentin  concludes  that,  in  case  of  inter- 
ferences of  excitations  from  one  and  the  same  current  (with  resj^ect 

»  In  Pflager'B   Archiv,    vii.    (1873),   pp.   458-496,  article  on  the  Interfer- 
ences of  Electrical  Excitations. 
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to  degree,  direction,  etcX  the  character  ci  the  effeds  |Hrodiieed 
depends  upon  the  original  molecular  constitution  of  the  nenei 
Just  as  its  constitution  is  decisiye  with  regard  to  the  nature  of  the 
muscular  contractions  that  follow  a  single  excitation  of  the  nerre^ 
so  is  it  also  decisire  with  regard  to  the  results  of  interferenca 
These  results,  moreorer,  conform  to  the  same  laws  after  decapita- 
tion or  poisoning  as  before.  And  further,  the  same  rules  govern 
in  the  case  of  interferences  of  two  currents^  if  both  the  currenii 
are  of  about  the  same  degree  of  strength.  FinaUj,  according  to 
Valentin,  the  same  rules  belong  to  the  interferences  that  occur  in 
cases  of  reflex  action,  or  of  the  stimulation  of  mot(»  nenres  through 
the  sensory,  as  those  which  apply  to  the  direct  stimulation  of  the 
motor  nerves.  It  is  apparent  that  the  only  net  gain  from  the  fore- 
going experiments  consists  in  the  information  that  the  molecular 
constitution  of  the  nerves  themselves  determines  all  the  variable 
elements  in  the  results  of  exciting  them.  But  this  would  be  an 
assumption  fairly  made  by  every  attempt  at  a  physical  science  of  the 
nervous  functions.  And  inasmuch  as  we  can  make  no  such  veri- 
fiable statements  concerning  the  nature  of  this  molecular  constito- 
tioD  as  will  serve  the  purposes  of  a  precise  mechanical  theory,  it  is 
hard  to  see  what  advance  has  been  gained  toward  the  construction 
of  such  a  theory. 

The  phenomena  caused  by  the  reciprocal  action  of  different  re- 
citations within  the  central  nervous  system  are,  of  course,  much 
more  complex  and  difficult  to  bring  under  a  theoiy  of  molecular 
wave-like  impulses,  than  are  the  phenomena  of  the  comparativdy 
simple  nerve-muscle  machine.  A  fortiori,  molecular  physics  is 
unable  to  propose  a  satisfactory  theory  for  the  central  organs. 
According  to  Exner,*  many  of  the  phenomena  are  coyered  by  the 
general  principle  that  one  excitation  acts  to  facilitate  or,  as  it  were, 
smooth  the  path  for  others  passing,  after  only  a  brief  interval,  along 
the  same  course.  This  principle  he  distinguishes  from  that  d 
< '  summation, "  when  applied  to  reflex  action.  The  latter  term  Eznor 
applies  to  the  accumulation  in  the  central  organ  of  excitations 
which,  taken  singly,  are  too  weak  to  produce  any  reflex  motion,  but 
which  by  their  combined  strength  do  produce  such  motion.  The 
principle  of  '*  facilitation,"  however,  refers  to  the  condition  of  the 
central  parts  after  the  passage  through  them  of  a  stimulus  which 
has  already  called  forth  some  reflex  action.  Exner's  experiments 
led  him  to  conclude  that  the  motor  excitation  of  some  one  ex* 
tremity  from  the  brain  (that  is,  by  stimulating,  in  the  brain,  the 
so-called  motor  area  of  the  extremity)  facilitates  the  subsequent  pas> 

*  Article  in  I^iiger^s  Arohiv.,  zxviii.,  pp.  487  fl. 
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I  affectiDg  tho  eame  extremity ;  &iid,  con- 
I  citremitj  redexly  fticilitAtes  the  passage  of 
r  Axcitation  from  tbe  oreii  of  the  brain  to  the 
Tiiiu,  for  example,  the  reflex  uiolions  of  the  fore- 
kg  of  a  nbUt,  produced  by  stimulatiu(r  tlie  toes  of  that  leg,  were 
(MDd  to  be  iiMrMaed  in  intensity  if  tlie  so-<ralle'1  cerebral  motor 
■iBlW  of  ttw  br*-log  was  uIbo  stitDuIut«d.  DifTercut  reflex  excito- 
Barn*  abo  may  feeiUtale  each  ottiei'tt  effect  in  tho  same  way.  For 
tl^Ttff*.  lb*  wtwory  atimulation  of  the  left  foot  baa  the  effect  of 
hriTifattiTig  tbs  reflsi  aei  wlitcU,  as  it  might  appear,  would  relate 
onlf  to  the  nnht  foot  and  its  motor  area  iii  the  central  organ  ;  and 
m»A  nUex  mttiaa  of  the  right  foot  fficilitates  tbe  contmction  set 
Etm  in  tiw  ■»>«  luot  by  atimulating  the  left-foot  section  of  the  spi- 
■d  eonL  Eioer  was  uiiabte,  however,  to  obtaiu  any  inhibitory 
•Act  upon  tiio  motion  of  tho  extremities  by  stimulating  variouB 
i)f  tbia  cort«x  of  tbe  cerebrum,  or  by  stimulating  the 
He  alao  found  that  whou  one  side  of  the  cortex  of  the  > 
I  Bttanlated  by  electricity  so  as  to  pro<Iuce  a  condition 
■  io  ons  nrtmmity  of  the  oiiimal,  tbe  results  of  two  exdto- 
B  oa  a  reflex  from  the  foot  and  one  directly  from  tbe  aame 
^im  at  tba  lirwn — are  compoaiided  in  a  way  which  seems  iucom- 
psIiUa  with  any  known  form  of  the  summation  and  interference 
r  ware-tilto  disturbancca. 
I  (lo  rotiirD  to  tho  simpler  caMt).  GrUtznor  '  seema  juatifled 
ia  MtTnig  that,  •trictly  ttpoaking,  we  cannot  without  (juallfirntion 
■•m  rmMwiiat  what  takea  [ilace  when  two  curronta  of  electricity 
Mt  m  eombiaatinn  u|»o  a  nerve,  na  though  it  were  n  matter  of  tbe 
•Alitioa  or  mbtrantiou  of  thvir  iMpiinite  effecbi.  For  it  is  [mssiblo 
thai  aa  daetricol  current  of  an  intensity  equal  to  the  amount  of  tho 
■rinnl  Darrc-rarrvnt  (current  of  rest  =  a)  and  tho  current  used  as 
Miaai^aa  (enmnt  of  action  ^  b),  taken  together  (a  +b),  will  not  ex- 
■la  a  BMTa  that  afaowa  no  current  at  all,  although  tho  latter  (6) 
•Imb  will  oetla  tb«i  n«nm  if  juNt  proviousty  the  former  (a)  wna 
fumtUL  ia  tba  narva^  Tho  currents  already  exifllini;  in  tbe  nerve, 
«fai«  tba  awiting  oarmt  is  appIicKl,  are,  thcrefni'o.  not  simply 
■4flail  to  or  Mibtraelail  fn)m  the  Litter  ;  but  they  pnxluro  molecu- 
lar diaagia  of  an  unknown  kind  which  tend  to  induce  tho  origina- 
Saa  el  aa-aOail  "nilh(N)ic"and  "anodic"  places  in  tlic  ncrvo^ 
(feat  im,  |iUm«  of  oxoltc^l  and  placeit  of  dvpreiuted  excitability. 
Ihaa  a  waakar  crumnit  will  exdte  tlie  nerve  when  it  is  in  a  condi- 
tioB  flf  atallad  euttabiUly  ;  a  stronger  current  may  fail  to  exdt« 
a  a  emiditinn  of  depreaemi  excitability. 
■SMPaaiur'tArchW.  11(111  ,  p  IM  t 
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How  obacore  and  complicated  are  the  molecular  oonditioiiB  ood* 
nected  with  the  excitation  of  the  nerve  is  further  shown  bj  the 
effect  of  giving  different  treatments  to  the  cross-section  of  the  nerve. 
If  the  nerve  is  simply  cut,  its  behavior  under  stimulation  is  difBor- 
ent  from  that  which  occurs  when  it  has  been  bound  before  the 
cross-section  is  made.  Binding  the  nerve  produces,  for  some  min- 
utes after  cross-section,  a  large  increase  of  its  excitability  in  the 
immediate  neighborhood  of  the  injured  place  ;  this  is  true  for  all 
kinds  of  stimuli,  including  the  electric  current  in  both  directions. 
From  five  to  ten  minutes  subsequently,  however,  the  making  of  the 
current  in  the  opposite  direction  to  the  current  induced  by  cross- 
section  has  frequently  a  diminished  rather  than  an  increased  effect. 

§  8.  On  the  whole,  it  would  appear,  then,  that  the  ability  to  laj 
even  a  basis  for  a  strictly  scientific  molecular  theory  of  the  nervous 
mechanism  depends  upon  the  ability  satisfactorily  to  explain  the 
electrical  process  in  the  nerves  and  their  consequent  behavior  under 
electrical  stimulation.  It  would  by  no  means  follow  that  a  com- 
plete theory  for  the  comparatively  simple  phenomena  of  the  nerve- 
muscle  machine  would  furnish  the  sure  clew,  not  to  say  the  full 
explanation,  of  all  the  activities  of  the  nervous  system.  On  the 
contrary,  the  evidence  is  overwhelming  that  the  working  of  the 
complete  nervous  mechanism  involves  other  principles  than  those 
which  may  be  deemed  sufficient  for  the  case  of  the  single  nerve 
and  muscle  when  under  electrical  stimulation.  But,  plainly,  the 
more  complex  case  cannot  be  solved  without  first  solving  the  far 
less  complex  one.  And  yet  the  simplest  possible  case  of  nervous 
molecular  mechanism — the  case  that  can  be  brought  under  the 
most  favorable  experimental  conditions — has  thus  far  proved  to 
he  beyond  our  power  to  find  a  satisfactory  scientific  solution. 

The  two  most  important  principles  which  must  enter  into  anj 
mechanical  theory  for  explaining  the  behavior  of  nerves  in  relaticm 
to  electricity  are,  according  to  Hermann  :  *  (1)  the  law  of  electrical 
excitation,  and  (2)  the  law  of  the  so-called  current  of  action.  The 
phenomena  upon  which  these  laws  are  themselves  based  are  chiefly 
the  phenomena  of  electrotonus  and  the  phenomena  of  negative 
variation. 

It  is  a  fact  (see  p.  114  f.)  that  the  passage  of  the  electrical  current 
through  a  nerve-stretch  produces  in  the  nerve  a  changed  condi- 
tion of  excitability  called  electrotonic*  This  condition  is»  howeTer, 
different  for  different  parts  of  the  nerve-stretch.  It  is  dependent 
upon  the  nearness  of  each  part  to  the  electrodes,  it  being  greatest 
in  their  vicinity.     It  is  dependent  on  the  strength  of  the  polariiaDg 

>  Handb.  d.  PhysioL,  IL,  i,  p.  IW. 
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ciinent  and  on  the  length  of  the  stretch  through  which  it  flows. 
lis  intensity  is  greater  on  the  side  of  the  anode  than  on  the  side 
of  the  cathode.  The  condition  may  be  said  to  be  one  of  increased 
excitability  in  the  region  of  the  cathode,  of  diminished  excitability 
in  the  region  of  the  anode.  Helmholt»  found  that  the  time  of  the 
development  of  the  electrotonic  condition  is  not  perceptibly  later 
than  that  of  the  electrical  current  which  excites  it ;  the  condition 
originates  at  the  moment  of  making,  and  ceases  at  the  moment  of 
breaking,  the  polarizing  current  Du  Bois-Reymond  concludes, 
thereupon,  that  the  electrotonic  condition  is  spread  over  the  nerve 
with  a  speed  equal  to  that  of  the  process  of  excitation. 

It  is  also  a  fact  (see  p.  117  f.)  that,  in  the  case  of  the  nerve-stretch 
as  well  as  in  that  of  the  muscle,  the  galvanometer  shows  the  pas- 
sage of  a  current  when  one  of  the  electrodes  is  placed  at  its  cut 
end  and  the  other  at  its  equator.  It  is  a  fact  that  this  so-caUed 
natural  current^  or  current  of  rest,  is  diminished  by  the  stimula- 
tion of  the  nerve  with  an  interrupted  current,  or  by  other  means 
of  exciting  it — the  diminution  being  shown  by  the  return  of  the 
needle  of  the  galvanometer  toward  the  zero-point  (the  so-called 
"  negative  variation  "). 

§  9.  The  two  principal  theories  which  have  liitherto  attempted 
to  account  for  the  above-mentioned  facts  are  the  theories  of  du 
Bois-Heymond  and  of  Hermann.  Du  Bois-Reymond  ^  assumes 
that  in  the  substance  of  the  nerve  there  exists  an  arrangement  of 
electro-motive  molecules  embedded  in  an  imperfectly  conducting 
medium.  Each  molecule  is  like  a  minute  battery  with  positive  and 
negative  poles ;  and  the  molecules  present  their  positive  surfaces  to 
the  longitudinal  surface  of  the  nerve,  their  negative  surfaces  to  the 
cut  ends  or  transverse  sections  of  the  nerve.  The  presence  of  these 
molecules  gives  rise  to  currents  in  the  medium  which  surrounds 
them.  Owing  to  the  imperfect  conductivity  of  the  medium,  such 
currents  flow  in  more  or  less  concentric  lines  at  some  distance 
from  each  molecule.  The  current  which  exists  in  the  nerves 
(exists,  according  to  du  Bois-Reymond,  as  natural  to  the  nerve  and 
previous  to  its  injury  by  cross-section),  and  which  is  made  obvious 
by  the  deflection  of  the  needle  of  the  attached  galvanometer,  may 
therefore  be  regarded  as  the  resultant  of  the  numerous  unobserv- 
able  currents  belonging  to  the  several  molecules.  In  this  way  the 
so-called  "  current  of  rest "  is  to  be  explained.  Du  Bois-Reymond 
is  forced  to  account  for  the  fact  that  such  natural  currents  are 

'  The  views  of  du  Bois-Reymond  are  to  be  found  in  his  Untersuchungen 
itber  thierische  Electricit&t,  1848-4U,  and  Gesammelte  Abhandlungen,  etc., 
1875-77. 
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either  exceedingly  small  or  wholly  wanting  in  an  nninjnred  mus- 
cle by  a  very  artificial  hypothesis  as  to  a  so-called  pardedronomic 
region  at  the  place  where  the  ends  of  the  muscle  come  into  contact 
with  the  tendons.  His  theory  of  electrotonus  and  of  the  n^atire 
variation  of  the  nerve-corrent  is  too  complicated  and  donbtfol  to 
be  even  stated  here  ;  it  is  enough  to  say  that  his  assumptions  as  to 
"  peripolar  "  and  **  bipolar  "  molecules,  and  the  effect  of  the  elec — 
trical  current  in  reversing  the  molecules,  etc.,  have  little  to  com — 
mend  them  to  the  practical  workers  in  modem  physica 

§  10.  The  theory  which  Hermann,'  and  those  who  agree  witli. 
him,  would  substitute  for  the  theory  of  du  Bois-Beymond  takes 
its  point  of  starting  from  a  discovery  made  by  Matteucci  some 
years  ago.  In  1863  this  truly  great  investigator  noticed  phenom- 
ena similar  to  those  of  the  electrotonic  condition  of  the  nerves  in 
overnspun  wires  moistened  with  a  conducting  fluid.  If  an  electri- 
cal current  is  conducted  to  the  moist  covering  of  such  a  wire,  the 
needle  of  the  galvanometer  shows  along  every  part  of  the  wire  the 
presence  of  a  current  in  the  same  direction  with  the  primary  cm- 
rent,  but  with  the  strength  of  the  former  diminishing  as  the  dis- 
tance increases  from  the  points  where  the  latter  is  applied  to  the 
wire.  No  such  current  arises,  however,  if  the  wire  is  made  of  amal- 
gamate<l  zinc  and  its  covering  is  moistened  with  a  solution  of  sul- 
phate of  zinc.  It  appears,  then,  that  the  electrical  condition  of  the 
wire,  when  a  current  is  conducted  to  it,  depends  upon  the  limiting 
surfaces  of  its  metal  centre  and  of  its  moistened  covering  being  po- 
larizable.  Very  recently '  Hermann  has,  as  he  thinks,  still  further 
shown  the  ix>ssibility  of  explaining  all  the  electrotonic  properties 
of  the  nerves  after  the  analogy  of  Matteucci's  discovery.  A  con- 
ductor consisting  of  a  central  and  a  covering  substance,  with  polar- 
izable  limiting  surfaces,  as  soon  as  a  momentary  electric  current  is 
conducted  through  any  portion  of  it  begins  successively  to  exhibit 
a  current  of  the  same  kind  at  every  other  place  in  it ;  the  more 
distant  the  place  from  the  one  to  which  the  current  is  applied  the 
later  its  appearance  there,  so  that  at  the  most  distant  places  such 
current  may  begin  after  it  has  for  some  time  ceased  at  the  primary 
place.  Now,  in  an  analogous  manner,  every  nerve-fibre  may  be  as- 
sumed to  consist  of  a  centre  and  covering  substance,  with  polarizable 
limiting  surfaces.  In  the  nerve-fibre  the  limiting  surfaces  needed 
for  the  theory  are  perhaps  actually  to  be  found  between  the  axis- 

*  The  views  of  Hermann  may  be  found  in  his  Untersaohongen  tor  Physiol- 
ogle  d.  Maskeln  a.  Nerven,  1867-68,  and  in  numerous  later  papers  in  Pfliiger'a 
Archiv. 

•  Pflugers  Archiv,  1885,  xxxv.,  p.  28  f. 
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cylinder  and  the  medullary  sheath.  GhrOnhagen,*  however,  affirms 
that  the  polarization  of  the  limiting  surfaces  of  the  nenre-fibre  is  a 
consequence  rather  than  a  cause  of  the  current  in  electrotonus. 
The  first  and  fundamental  cause  of  this  current  he  considers  to  be 
the  characteristic  difference  in  the  resistance,  as  conductors,  of  the 
kernel  and  the  corering  of  the  nerve-stretch. 

The  so-called  "  nattual  current,"  or  '*  current  of  rest,"  Hermann 
does  not  consider  it  necessary  to  explain.  What  appears  to  be  a 
natural  cturent  Hermann  holds  to  be  in  all  cases  the  result  of  in- 
jury. It  is  to  be  considered,  then,  as  due  to  the  peculiar  molecu- 
lar condition  into  which  certain  parts  of  a  nerve-stretch  are  thrown 
by  their  mechanical  or  chemical  destruction.  In  fact,  whenever  a 
nerve  is  cut  across,  or  any  of  its  fibres  are  injured,  the  molecules 
thus  disturbed  begin  at  once  to  die ;  they  then  become  negative  to- 
ward the  other  iminjured  parts  of  the  nerve.  It  is  because  of  this 
change  in  the  dying  molecules  that  the  electrical  current  is  devel- 
oped. But  all  the  parts  of  a  whoUy  untouched  and  unexcited  nerve 
are,  according  to  Hermann,  **  isoelectric."  It  is  not  necessary  to 
give  the  experimental  evidence  by  which  this  investigator  strives 
to  prove  his  opinion ;  it  is  enough  to  say  that  this  evidence  is 
strong,  and  nearly,  if  not  quite,  conclusive. 

Accordingly,  Hermann  regards  the  negative  variation  as  not  due 
to  the  diminution  of  any  current  previously  existing,  but  rather  as 
a  manifestation  of  the  electro-motive  forces  which  come  into  opera- 
tion at  the  moment,  and  at  the  seat,  of  excitation.  This  current  is, 
therefore,  the  only  true  "  current  of  action."  Its  rise  and  flow  are 
explained  by  the  fact  that  every  excited  part  of  a  nerve-stretch  be- 
comes negative  toward  all  the  other  parta  As  this  wave  passes 
along  the  nerve-fibre,  each  minute  portion  becomes  first  negative 
and  then  positive  toward  the  adjoining  minute  portions  ;  and  hence 
the  so-called  "ad-terminal"  and  **ab-terminal  currents"  appear 
along  the  nerve-stretch  as  fast  as  successive  parts  of  its  substance 
reach  their  maximum  of  negativity.  The  excess  of  the  ab-terminal 
over  the  ad-terminal  current  manifests  itself  as  the  so-called  "  neg- 
ative variation." 

The  phenomena  of  electrotonus  Hermann  explains,  as  has  already 
been  said,  upon  the  basis  of  Matteucci's  experiments.  An  inner 
polarization,  such  as  takes  place  between  the  wire  and  its  moist- 
ened covering,  takes  place  between  the  substance  which  constitutes 
the  core  of  the  nerve  and  one  of  its  sheaths.  The  electrotonic  cur- 
rent is,  therefore,  simply  due  to  an  escape  of  the  polarizing  cur- 
rent    It  is  wanting  in  the  dead  nerve,  because  the  inner  polariza- 

>  Pfliiger'B  Archiv,  xzzy.,  p.  534  f. 
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tion  belongs  only  to  the  nerve  in  its  lining  state  ;  it  is  stopped  bj 
ligature  or  by  crushing,  because  the  nenrous  substance  is  thus 
made  into  dead,  indifferent  substance,  and  the  functional  continu- 
ity of  the  nervous  core  is  destroyed.  His  detailed  explanation  of 
'*  tetanic  action-currents  **  and  "  phasic  action-currents^"  and  of  the 
physiological  phenomena  of  electrotonus  and  catelectrotonos,  need 
not  be  repeated.  The  one  principle  to  which  Hermann  would  re- 
duce all  the  electrical  phenomena  derived  from  the  cat  n^rve- 
stretch  is  this :  All  excitable  protoplasm,  token  dying  or  irritaied, 
l)ecovi€8  negative  toicard  its  own  uninjured  and  unirriiated  parts. 
Such  is  the  nature  of  its  electro-motive  reaction. 

§  11.  Objections  have  been  made  to  the  theory  of  Hermann,  but 
they  can  scarcely  be  said  to  be  so  formidable  as  those  which  he 
brings  against  the  theory  of  du  Bois-Beymond.  The  most  forcible  of 
them  is,  perhaps,  the  following :  If  the  so-called  currents  of  rest  were 
due  solely  to  the  negativity  of  the  dying  portion  of  the  substance, 
we  should  not  expect  that  the  current  from  the  equator  to  the  cross- 
section  would  be  greater  than  the  current  from  a  point  nearer  the 
cross-section,  seeing  that  the  resistance  is  greater  in  the  former  case. 

Hermann  is  himself  ready  to  admit,'  however,  that  no  simple 
scheme  of  polarization  will  fully  satisfy  the  conditions  of  the  prob- 
lem offered  by  the  behavior  of  the  nerve-muscle  machine  under 
electrical  stimulation.  **  The  platinum  vdre,  with  its  moist  sheaths, 
is  DO  model  of  the  irritable  nerve  ;  it  is  only  a  model  of  its  eleo- 
trotonic  properties."  We  must,  therefore,  after  the  discussion  of 
all  analogies  resort  again  to  the  unknown  molecular  constitution 
and  properties  of  the  substance  of  the  nerve,  as  being  sui  generis^ 
for  our  explanation  of  its  peculiar  physiological  propertiea  Its 
functions  are  a  species  of  molecular  change,  connected,  to  be  sure, 
both  with  chemical  changes  and  vdth  other  mechanical  changes  of 
a  wave-like  character,  and  yet  unlike  them  all ;  and  these  molecular 
changes,  when  the  nerve  is  excited,  are  propagated  from  point  to 
point  along  its  course  vnth  a  speed  and  according  to  laws  which 
have  already  been  stated  (see  Chapter  IH).  But  further  than  this 
we  cannot  as  yet  go  vnth  confidence  in  affirming  a  mechanical  the- 
ory of  even  that  simplest  element  of  the  nervous  mechanism  for  ex- 
perimental purposes — namely,  the  nerve  attached  to  the  muscle 
and  constituting  the  nerve-muscle  machine.' 

1  See  Handb.  d.  Phjriol.,  II.,  i,  p.  196  f. 

'  Further  information  upon  the  two  theories  of  Hermann  and  dn  Bola-Bej- 
mond  maj  be  found  in  Fo8ter*B  Text-book  of  Physiology,  pp.  101  ff.  See,  aleoi 
a  brief  statement  of  Hermann*s  theory  in  the  Journal  of  Phyaiolegy,  L,  p^ 
196-212. 
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§  12.  A  confession  of  ignorance  might  fitly  close  the  entire  dis- 
cussion as  to  the  possibility  at  pi*esent  of  a  precise  mechanical 
theory  of  the  nervous  system.  For  on  resuming  the  larger  and 
more  complicated  inquiry,  as  to  how  the  physiological  functions  of 
all  the  nervous  organs  in  their  mutual  relations  may  be  explained 
according  to  any  known  laws  of  molecular  science,  we  are  obliged 
to  approach  this  inquiry  with  an  acknowledged  inability  to  deal 
satisfactorily  even  with  the  much  simpler  case  of  one  of  the  ele- 
ments of  this  system.  The  peculiar  forms  and  laws  of  the  molec- 
ular activity  of  the  entire  nervous  mechanism  certainly  cannot  be 
understood  until  we  are  able  to  describe  and  explain  the  molecu- 
lar activity  of  a  single  nerve-muscle  machine.  A  statement  of  an 
elaborate  theory,  framed  with  a  view  to  meet  the  whole  case,  by  a 
distinguished  authority,  cannot  fail,  however,  to  possess  a  certain 
interest  and  value.  Accordingly,  we  shall  refer  briefly  to  the 
theory  of  Wundt.* 

Wundt  begins  his  discussion  of  the  mechanics  (or  molecular 
physics)  of  nervous  substance  by  stating  two  possible  ways  of  ap- 
proaching the  subject.  It  is  conceivable  that  we  might  directly 
investigate  the  chemical  and  physical  constitution  of  the  nervous 
elements,  and  the  changes  they  undergo  in  the  exercise  of  their 
physiological  functions,  with  a  view  to  construct  a  theory  of  so- 
called  nerve-force  by  induction  from  such  investigation.  But  the 
preferable — because  the  much  more  promising — way  of  procedure 
is  to  assume  that  the  processes  which  take  place  in  the  nervous 
system  are  modes  of  molecular  motion  couiiected  with  each  other, 
and  with  the  forces  of  external  nature,  under  the  general  principles 
of  molecular  physics  ;  and  then,  arguing  deductively,  to  make  such 
a  combination  and  application  of  these  principles  as  will  serve  to 
meet  all  the  demands  of  the  case.  It  scarcely  need  be  said  that 
Wundt  adopts  the  latter  method. 

Assuming,  then,  the  general  principles  of  molecular  physics,  and 
especially  the  lav/  of  the  conservation  of  energy,  it  is  possible  to 
show  how  living  beings  may  be  brought  under  the  control  of  these 
principles.  Such  beings,  through  the  regularity  with  which  the 
making  and  breaking  of  chemical  combinations  goes  on  within 
them,  take  a  noteworthy  part  in  the  continuous  process  of  inter- 
changing potential  and  kinetic  (inner  and  external)  energy.  It  is 
the  nervous  system,  in  all  the  animals  that  have  one,  from  which 

*  To  be  foand,  in  part,  in  his  Untereuchungen  zur  Mechanik  der  Nerven, 
and  in  later  and  more  complete  form  in  the  chapter  (vi.,  Part  I.)  *' Physio- 
Ic^iache  Mechanik  der  Nervensubstauz,"  iu  his  Grundzuge  der  physiologi- 
schen  Psjchologie.     Leipzig,  1880. 
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this  process  is  controlled.  The  prooeas  itself  is  a  qieeies  of  com- 
bustion ;  the  nervous  system  keeps  going  those  functions  whidi 
effect  the  process,  regulates  the  setting  free  and  distributing  of 
the  heat,  and  determines  the  muscles  to  movement.  The  souroe 
of  the  special  activities  of  the  nervous  system  itself  lies  in  the  nat- 
ure of  the  chemical  combinations  which  compose  it 

The  nervous  system  regarded  as  unaffected  by  stimuli — ^tbat  is, 
as  unexcited — may  be  theoretically  compared  to  a  fluid  in  a  condi- 
tion of  equilibriuuL  But,  in  fact,  the  nervous  system  is  never  in  a 
condition  of  perfect  equilibrium.  For,  not  only  is  there  a  ceaseless 
play  of  energy  intemflJ  to  this  system,  in  which  the  atoms  separate 
from  the  old  combinations  as  nervous  substance  to  form  new  com- 
binations as  the  same  substance;  but  a  continuous  process  also 
goes  on  by  which  the  molecules  of  the  nervous  substance  are  broken 
up  to  form  less  complex  but  more  stable  compounda  Moreover, 
the  building  of  the  nen^ous  substance  itself  out  of  the  nourishment 
brought  to  it  is  a  process  the  reverse  of  that  last  mentioned ;  it 
is  a  process,  that  is  to  say,  in  which  the  more  stable  chemical  com- 
pounds of  other  substance  are  broken  up  and  their  atoms  used  to 
form  the  more  complex  but  more  unstable  molecules  of  the  nervous 
substance.  The  process  of  change  from  the  less  stable  to  the  more 
stable  combinations  represents  the  setting-free  of  stored  or  poten- 
tial energy  ;  the  reverse  process  represents  the  storing  of  energy 
and  the  vanishing  of  kinetic  or  actual  energy.  That  energy  which 
is  made  apparent  by  the  former  process  "Wundt  calls  "  positive  ; " 
that  which  is  stored  up,  when  the  more  stable  combination  disap- 
pears, he  calls  "negative."  Positive  molecular  energy  of  the  ner- 
vous system  is  recognized  as  heat  set  free,  as  contraction  of  the 
muscles,  etc.  ;  its  negative  molecular  energy  exists  in  the  form  of 
heat  becoming  latent,  or  of  inhibitory  action  upon  the  course  of 
excitation  in  the  nerves,  etc 

In  accordance  with  the  foregoing  theory  of  positive  and  negatlTe 
molecular  energy,  as  due  to  the  chemical  activity  of  the  nervous 
substance,  Wundt  would  explain  the  process  of  excitation  and  con- 
duction in  the  nerTe-fibre&  No  simple  conduction  of  motion,  of 
course,  takes  place  in  the  nerve  ;  but  certain  molecular  processes^ 
peculiar  to  the  constitution  of  the  nerve,  are  set  up  at  one  point  bj 
the  stimulus,  and  are  then  conducted  successively  to  other  pointe 
along  its  stretch.  In  all  cases  when  a  nerve  is  irritated  two  clasaee 
of  opposed  effects  are  set  up  in  its  substance  ;  the  one  is  directed 
toward  the  production  of  external  energy  (secretion,  stimulation  of 
the  ganglion-cells,  movement  of  the  muscles,  etc),  the  other  toward 
the  control  of  the  energy  thus  set  free.    The  former  is  poaitiYe^ 
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the  latter  negative  or  inhibitory.  The  general  law  for  all  excita- 
tion of  the  nerres  is,  that  bj  the  application  of  stimalus  the  posi- 
tive as  well  as  the  negative  molecular  energy  of  the  nervous  sub- 
stance is  increased.  Stimulating  the  nerve  accelerates  both  the 
recombination  of  the  atoms  of  its  highly  complex  molecules  in 
less  complex  but  more  stable  forms,  and  also  the  escape  of  the 
atoms  from  these  forms  and  their  return  to  the  more  complex  and 
less  stable  combinationa  The  renewal  of  the  nerve  depends  upon 
the  restitution  of  the  more  complex  molecules ;  but  the  work 
which  the  nerve  does  external  to  itself  depends  upon  that  process 
of  combustion  in  which  the  complex  molecules  break  up  and  pass 
into  more  stable  but  less  complex  forma  The  latter  process 
involves,  of  course,  the  exhaustion  of  the  nerve.  External  energy 
(work  done  outside  of  the  nerve)  can  then  only  take  place  in  case 
the  positive  molecular  energy  is  more  accelerated  than  the  negative, 
by  the  application  of  the  stimulus. 

The  entire  sum  of  positive  molecular  energy  which  is  set  free 
when  a  nerve  is  irritated  may  be  reckoned  as  distributed  in  three 
directions:  a  part  is  spent  in  the  continuous  excitation  of  the 
nerve  ;  another  part  becomes  heat ;  still  another  part  is  converted 
into  negative  molecular  energy.  In  this  way  the  peculiar  molec- 
ular condition  which  the  nerve-fibre  leading  from  the  peripheral 
region  assumes,  when  it  is  irritated,  is  imparted  to  the  central  re- 
gion of  the  nerve-celL 

§  13.  The  application  of  the  foregoing  theorj'  to  the  central 
organs  of  the  nervous  mechanism  requires  us  to  tiike  account  of 
the  fact  that  a  greater  intensity  of  the  stimulus  is  needed  to  move 
a  muscle  through  a  collection  of  ganglion-cells  than  directly  by 
stimulating  the  nerve-fibre  connected  with  the  muscle.  We  are  to 
conclude,  then,  that  the  nervous  substance  of  the  central  parts 
offers  a  far  greater  resistance  to  the  conduction  of  the  2)roce8s  of 
excitation  than  is  offered  by  the  nerves  themselves.  On  the  other 
hand,  the  central  organs  are  in  a  condition  to  develop  within  them- 
selves a  far  greater  amount  of  work  ;  that  is,  to  convert  into 
kinetic  form  a  vast  sum  of  energy  stored  in  their  chemical  con- 
stitution. The  proofs  which  Wundt  brings  forward  for  this  view 
are  derived  from  the  phenomena  of  summation  of  inhibition,  and 
of  so-called  "reflex-poisons,"  etc.  A  detailed  discussion  of  such 
phenomena  leads  to  the  conclusion  that,  when  "  summation  "  (com- 
pare pp.  223  ff )  takes  place,  the  several  excitations  along  the  cen- 
tripetal tracts  have  been  conducted  to  different  sensory  central 
regions,  and  have  then  passed  from  them,  as  a  result  of  their  being 
simultaneoualy  excited,  over  into  the  same  motor  elements  of  the 
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central  organ ;  but  Mrhen  "  inliibiiion  "  takes  place,  anch  excitations 
have  been  conducted  so  as  to  come  together  and  counteract  each 
other  in  the  same  sensory  central  region.  The  external  conditions 
of  those  relations  which  obtain  among  the  different  senses  and 
sensations  are  to  be  found,  partly  in  the  constitution  of  the  oigans 
of  sense,  and  partly  in  the  nature  of  their  respective  stimulL 

When  speculating  as  to  the  molecular  changes,  with  respect  both 
to  positive  and  also  to  negative  energy,  which  take  place  in  the 
central  organs,  our  point  of  starting  must  be  taken  from  a  condition 
of  equilibrium  assumed  to  exist  in  their  ganglion-cella.  Excitatum 
of  the  central  organs,  like  irritation  of  the  nerves,  increases  both 
kinds  of  nervous  energy.  But  the  positive  molecular  energy  of  the 
central  organs  is  relatively  little  increased  by  a  momentary  excita- 
tion. The  result  of  repeated  excitation,  however,  is  to  make  the 
positive  condition  largely  predominate  in  the  whole  central  region. 
An  excited  ganglion-cell  is  in  a  condition  analogous  to  that  of  the 
nerve-stretch  at  the  anode  when  a  constant  current  is  jnssing 
through  it  In  the  nerve,  as  a  rule,  tlie  nervous  substance  is  used 
up,  and  the  process  of  storing  energy  goes  on  in  only  a  very  par- 
tial manner.  In  the  cells  the  production  of  the  complex  molecules 
in  which  energy  is  stored  predominates,  as  a  rula 

The  fundamental  pro];)erties  of  nervous  matter — meohanicaUy 
considered — are  (1)  to  receive  external  impressions  in  order  by 
them  to  be  determined  in  its  own  molecular  condition  ;  and  (2)  to 
transform  potential  energy  into  kinetic,  partly  under  the  immedi- 
ate, and  partly  under  the  progressive,  influence  of  these  impres- 
sions. 

Wundt  also  proposes  an  elaborate  and  highly  speculative  view 
of  the  molecular  constitution  and  functions  of  the  ganglion-oellsL 
'Every  such  cell  possesses,  he  thinks,  two  regions  (although  the 
word  "  regions "  is  not  to  be  interpreted  locally).  These  regions 
are  called  ''peripheral"  and  "central,"  because  the  former  is  as- 
sumed to  stand  in  more  intimate  relations  to  the  peripheral  ner- 
vous  substance,  with  respect  to  its  own  reactions  under  stimula- 
tion. Excitations  which  reach  the  central  region  of  a  ganglion-cell 
induce  a  propagation  of  the  processes  set  up  in  this  region  to  the 
other  or  i)eriplieral  region.  In  the  same  way  do  excitations  which 
first  touch  the  peripheral  region  necessitate  the  spreading  of  the 
form  of  molecular  energy  set  free  here  over  into  the  central  region. 
When  a  process  of  excitation  is  frequently  conducted  in  a  definite 
direction  through  some  gangHon-cell,  such  direction  is  favorably 
disposed  toward  the  conduction  of  future  excitations  which  may 
reach  the  same  cell    Whether  the  excitation  of  any  particukr 
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aerfe^bre  oonneoted  with  a  ganglion-cell  results  in  an  excitatory  or 
u  inhibltaffy  effset  depends  upon  the  nature  of  its  connection  with 
the  cell. 

But  we  refrain  from  further  statement  of  a  theory  so  largely  con- 
jectural Nothing  remains  but  to  repeat  a  confession  of  igno- 
rance and  of  inability  even  to  suggest  a  satisfactory  solution  for  so 
complex  a  problem  in  molecular  physics  as  is  offered  by  the  human 
nervous  system. 

§  14  A  review  of  various  molecular  theories  proposed  to  account 
for  the  nervous  mechanism,  either  as  a  whole  or  in  any  of  its  parts, 
makes  plain  the  important  fact  that  such  theories  are  all  obliged 
to  assume  the  origin  and  continuance  of  a  peculiar  molecular 
structure  for  this  mechanism.  In  other  words,  no  attempt  to 
explain  how  the  nervous  system  ads  can  avoid  the  conclusion  that 
the  determining  factor  in  the  explanation  must  be  found  in  what 
the  nervous  system  is.  The  physiological  functions  of  the  nerve 
depart  when  the  nerve  dies.  The  nerve  dies  when  it  is  severed 
from  the  ganglion-celL  Both  cell  and  nerve  must,  therefore,  con- 
stitute a  living  molecular  unity,  in  order  that  their  normal  physio- 
logical functions  may  be  performed.  The  explanation  of  these 
functions  assumes  the  molecular  constitution  of  the  organs  them- 
selves. But  how  shall  we  explain,  in  accordance  with  the  known 
laws  of  molecular  physics,  the  origin  and  preservation  of  such  a  mo- 
lecular constitution  ?  It  is  the  business  of  biology  rather  than  of 
physiology  to  attempt  an  answer  to  this  question.  But  the  question 
itself  asks  from  science  the  performance  of  a  task  no  smaller  than 
that  of  framing  a  mechanical  theory  of  life.  Biological  science  can, 
as  yet,  do  Httle  toward  framing  such  a  theory.  Throughout  our  en- 
tire discussion  of  the  nervous  mechanism  we  have  carefully  avoided 
raising  an  inquiry  as  to  the  nature  of  life,  as  to  the  source  and  con- 
ditions of  that  very  molecular  constitution  wbich  determines  the 
nature  and  working  of  this  mechanism.  We  have  simply  assumed 
and  argued  that,  taking  the  nervous  system  for  what  it  really  is 
and  really  does,  its  structure  and  functions  admit  of  scientific  ex- 
planation, so  far  as  such  explanation  is  possible  at  all,  only  when 
they  are  regarded  as  belonging  to  a  molecular  mechanism.  The 
question  of  a  mechanical  theory  for  the  origin  and  constitution  of 
living  organisms  in  general  Ues  outside  of  the  inquiries  of  Physio- 
logical Psychology. 

§  15.  One  other  important  question  has  also  thus  far  been 
avoided.  What  is  the  relation  of  the  mind  to  the  working  of  the 
nervous  mechanism  ?  Can  the  mind  set  this  molecular  mechanism 
at  work,  or  can  it  in  any  way  determine  the  character  of  its  func- 
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lions?  As  far  as  our  consideration  of  the  nervoos  system  has  gone 
hitherto,  all  might  very  well  hare  been  the  same  without  the  exist- 
ence of  a  single  act  of  conscious  thought  or  feeling  occurring  in 
an  J  relation  whatever  to  this  S3rstem.  Giyen  the  molecular  mechan- 
ism as  it  is  constituted  and  conserved  by  the  forces  which  control 
as  long  as  life  continues ;  and  given  the  necessary  impact  of  out- 
side forces  upon  the  end-organs,  and  the  proper  dianges  of  blood 
within  the  central  organs ;  and  it  has  been  assumed  that  this  mech- 
anism would  exercise  its  functions  in  ways  thus  far  described. 
But  the  consideration  of  another  dass  of  phenomena  is  now  to  be 
introduced ;  these  are  the  phenomena  of  human  consciousness,  the 
phenomena  of  Mind.  The  question  whether  such  phenomena  can 
be  true  causes  of  any  of  the  changes  in  the  molecular  mechanism 
is  a  part  of  the  general  question  as  to  the  correlations  that  exist 
between  two  classes  of  fact&  The  answer  to  such  general  question 
belongs  to  the  following  divisions  of  our  woi^ 
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CORRELATIONS  OF  THE  NERVOUS 
MECHANISM  AND  THE  MIND. 


I  ■ 


:  LOOALIZATION  OF  CEBEBIUL  FtTNCnON. 


.  Okmhart  obaerration  recognizes  the  (act  that  the  phei 

lioosiMaB  tOK  more  or   Icaa  defiaibely  correluUtd  with  the 

B  of  Uu>  bod;.     Certain  altemtiouB  in  our  mental  states,  on 

Apt  tliA  iojury  of  itn.v  of  its  masses,  as  well  aa  a  constant  de- 

^«l  UioM  »Mea  upon  the  way  some  of  the  maasce  stand 

■jMch  other  and  to  the  outsiile  world,  impress  the  fact  upon 

^•xpenencck     It  ia  by  no  means  bo  obvioua  that  the  ncr- 

a  any  peculiar  rolatinn  to  the  thoughts  and  feelings 

■  taiad.     For  thi-  (uitrtiowi  of  the  nervous  system  are  uot  ei- 

I  to  ei»ing  iufonnatioD  aa  to  itself,  its  own  condition  and 

By  aid  of  these  fiin<'tioiis  we  Iuitc  preaentexl    in   con- 

■  a  more  or  lena  clear  picture  of  the  condition  and  chan;^ 

J  parts  of  the  body.     In  the  same  way  a  knowledge 

1  of  ihn  ■ucccMi^'n  states  of  tciiiiiim  belonging  U*  the 

R  momueut,  and  even — though  rather  obscurely — of  the 

I  of  the  internal  orgnna     Itut  as  long  as  they 

t  and  euit«d  with  only  a  moderate  intensity  o(  their 

tervn  do  not  even  reveal  their  own  existence ;  and 

1  iDJitral  or  nniluly  oxcitvul.  Uio  notitie  tht-y  famish 

i  totoem  in  Ibe  form  of  painful  feeling  which  we  hsTe 

I,  not  in  the  nervous  substance  itself  but  in  the 

a  i*f  muscle  and  skin.     Attention  niny  1m-  cidled,  huw> 

I  nerrea  by  the  accident  or  the  dissecUng- 

sight.     In  the  case  of  tlm  central 

d  ospatnally  in  the  caxo  of  the  bmiii,  there  ia  Utile 

a  which  leads  to  a  suspicion  of  tb«ir  aignifi- 

r  axtBtAnce. 

\gt,  Uum.  that  no  general  recognition  of  ttio 

«  of  the  bmin.  iu  n^latiou  to  the  phenomena  of 

,  fai  to  b«  found   in  early  liistory.     It  is  true  thnt 

'  and  Tbeophraatna  '   inform  us  of  the  opinion  of  the 

•  Da  PlMttb  PhlloBophuruta,  IV. ,  17,  L 

--     -        m!83f. 
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physician  Alcmaeon,  who  is  said  to  have  been  a  younger  contem- 
porary of  Pythagoras,  and  who  regarded  the  brain  as  the  common 
meeting-place  of  the  senses.  The  same  view  is  also  ascribed  to  the 
celebrated  Hippocrates.  Later  on  Plato  accepted  it.  But  Aris- 
totle/ the  greatest  of  all  thinkers  in  antiquity,  the  son  of  a  phy- 
sician, especially  educated  in  physical  science,  and  well  acquainted 
for  the  time  in  the  dissection  of  animals,  regarded  the  brain  as  a 
lump  of  cold  substance,  quite  unfit  to  be  the  seat  and  organ  of  the 
sensus  communis.  This  important  office  he  ascribed  rather  to  the 
heart.  The  brain  he  considered  to  be  chiefly  useful  as  the  source 
of  fluid  for  lubricating  tlie  eyes,  etc. 

§  2.  The  opinion  of  Exner,*  however,  who  supposes  that  feeling 
in  no  way  immediately  informs  us  that  we  think  with  the  head, 
still  less  with  the  brain  or  the  cortex  of  the  cerebrum,  seems  some- 
what extreme.  Concerning  the  contents  of  the  cranial  cavity,  indeed, 
we  get  no  direct  information  from  the  feelings  connected  with 
the  exercise  of  its  f  unction&  But  we  certainly  localize  in  the  head 
certain  phenomena  of  consciousness  that  ai^e  inextricably  inter- 
woven with  the  processes  of  thought.  The  act  of  attention  results 
in  feelings  which  indicate  that  the  muscles  of  the  eye  are  being  in- 
nervated ;  or  in  the  more  indefinite  and  diffused  sense  of  strain 
produced  by  contracting  the  skin  of  the  forehead  and  adjacent 
parts  of  the  face.  The  special  sensations  of  hearing,  smelling,  and 
tasting,  which  impress  so  strongly  our  conscious  life,  are  frequently 
referred  to  the  head.  The  same  thing  is  true  of  many  of  the  sen- 
sations of  sight — particularly  of  such  as  appear  when  the  eyes  are 
closed,  in  the  form  of  after-images,  or  spectra,  or  indefinite  and 
changing  color-spots,  seated  in  the  upper  front  part  of  the  face. 
Moreover,  that  inchoate  and  sometimes  half-articulated  language, 
with  which  we  support  our  trains  of  thought,  even  when  we  are  not 
conscious  of  resorting  to  the  expedient  of  "  talking  to  ourselves,"  is 
felt  to  be  going  on  within  the  head.  When  one  has  been  engaged 
for  some  time  in  intense  thought,  or  in  eager  and  concentrated 
observation,  one  is  suddenly  made  aware  of  more  or  less  painful 
feelings  which  are  somewhat  indefinitely  ascribed  to  the  same 
cerebral  region.  Men  commonly  lean  the  head  upon  the  hand 
in  supporting  meditation ;  or  rub  it  vigorously  to  awaken 
the  powers  of  memory  and  reasoning ;  or  stroke  it  to  relieve  the 
disagreeable  sensations  which  follow  severe  mental  excitemenl 
Headache,  of  more  or  less  intensity,  thus  becomes  associated  with 

1  See  De  Partibus  Animalium,  652,  b.  5;  (II-i  '*)\  656,  b.  22  (IL,  10);  De 
Juvent,  407,  b.  28  ;  and  De  Anima,  HI.,  1  and  2. 
*  See  Hermann's  Handb.  d.  PhjsioL,  IL,  li.,  p.  192. 
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an  taanim  of  the  iaWllert.  Tlie  head  is  woarif^d  nitli  thought : 
i  not  only  so,  lint  aUo  witb  iutcuse  pbjaical  exercise.  Tlie  dis- 
nfoii  which  bodiljr  Btrnin  produces  in  the  hinder  regiona  ol  the 
id  are  m  iodiicaltun,  nlUiough  of  only  a  veiy  genei-td  kind,  that 
■  hkVB  gone  on  in  that  locality  which  are  ot  great  impor- 
•  In  Um  snoceeditig  states  of  conscioueuees.  AU  thiH  nptmrent 
J  of  imnwdiate  feeling  ia,  doubtlcBs,  somenhnt  esaggor&ted 
n  age  ndisUnetiTely  "  neruout"  ns  our  own  ;  and  this  fact  may, 
I.  Bcoooat  in  port  for  the  inclination  of  tiie  ancients  to  em- 
« the  tapraobYioas  connection  of  inentnl  phenomena  with  the 
t,  aad  other  lower  visceral  organs,  to  the  neglect  of  nil  counectioa 
of  llin*  pfaenomenn  witJi  the  brain.  But  it  cannot  well  he  doubted 
tlMt  ■  oartain  amonnt  of  testimony  from  inimedinte  feeling  as  to  the 
important  relation  which  exists  between  the  stAt«  of  uiind  and  the 
owtenls  of  the  crnnial  caTitr,  belongs  to  all  liuninn  e^tperience. 

Hewcvpr  nuecrtAin  the  wiUieati  of  iinniedinte  feeling  u|>on  the 
pOtDt  in  quutinn  may  bo.  very  little  observation  of  otlient  is  needed 
to  nplify  and  confinn  its  witness.  We  are  not  infrequently  led  to 
■obe*  bow  quickly  and  profoundly  the  states  of  consclousneas  are 
■TMnffnl  by  iDJnrie*  to  the  brain,  llie  effect  of  a  blow  upon  the 
bead  to  aoxpeDding  consciousness  is  decisive  of  this  question.  The 
hrthw^T  local  connection  Itetween  the  organs  of  seiiae  aud  the 
bnis  le*ls  natHrnlly  to  the  oondusion  that  the  avenues  of  aensa- 
tink  aikl  of  prrvwptiiin  have  in  the  latter  a  kind  of  gathering- place, 
a>  it  wen.  It  is  but  a  step  frofn  this  conclusion  to  a  recognition 
of  the  tnith  that  the  physiologinal  significAnoe  of  the  contents  of 
tha  ennial  cavity  conuata  in  their  affording  a  field  upon  which  alt 
lbaisi|mBM>Daof  senaccao  meet  together,  and  so  furnish  the  basis 
and  awlArial  of  conpamlive  thought.  iDdeed.  it  wa*  this  lino  of  in- 
qaifw  whieb  pcobalAy  lol  certaiu  ancient  iuutiorni*iH,  Hke  Hcrophilua 
auA  Galaa.  to  locate  the  i«onI.  or  jisychical  principle,  in  the  brnia 

I  S.  A  KTvat  tnoltitude  of  pliysicjil  considt-nitiimx,  ndvunced  by 
■t>lani  seimfle,  [ilam  beyond  doubl  the  supreme  importance  of 
tlw  bcain  in  its  inAuenc«  niion  the  phenomena  of  conscioasnesa. 
U  bM  aJrewly  been  atnted  (Part  I..  Chapter  III..  ^  7)  that  the  freo 
dmdatioB  ot  arterial  blood,  with  ita  supply  of  oxygen,  is  a 
feaesHuy  ODndllion  (or  the  fulfilment  of  the  functions  of  all  tb« 
wlgal  of^gana ;  tUa  nteradty  is  capecinlly  oinrkcd  in  the  cue  of 
Iba  bnia.  The  rfoppage  of  one  of  the  great  artt^hes  leading  to 
lUa  or^m.  either  by  Mirapreasion  in  the  neck,  or  by  emlxilism  at 
tcma  poiul  alon;;  its  innrva,  at  once  pn>ducra  profound  dia- 
UwlMuoae  ami  ercn  cumplctu  evaaation  of  conB(*iouiiitea&  It  ha* 
kan  oakohted  that,  wfalle  tba  woigbt  of  the  euUrc  ouMphalon  is 
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only  about  one-forty-fifth  of  that  of  the  body,  the  supply  of  blood 
used  up  there  is  not  less  than  about  one-eighth  of  the  whole  supply. 
This  expenditure  is  indicative  of  the  large  amount  of  work  done 
by  the  intercranial  organa 

More  delicate  measurements  seem  to  show  that  the  temperature 
rises  and  falls  in  the  whole  cerebral  area,  or  at  particular  cir- 
cumscribed regions  of  the  cortex,  in  close  connection  with  the 
psychical  activities.  Thus  Dr.  Lombard  found,  by  measurements 
¥dth  exact  thermo-electric  apparatus,  that  the  temperature  of  the 
head  during  waking  hours  varies  rapidly,  though  slightly  (less 
than  y^^  C.) ;  and  that  these  variations  "  appear  to  be  connected 
with  different  degrees  of  cerebral  activity.  .  .  .  Every  cause 
that  attracts  the  attention — a  noise,  or  the  sight  of  some  person  or 
other  object — produces  elevation  of  temperature.  An  elevation  of 
temperature  also  occurs  under  the  influence  of  an  emotion,  or 
during  an  interesting  reading  aloud."  Similar  examinations  have 
been  carried  still  further  by  Schiff,*  who  has  applied  extremely  del- 
icate thermoscopic  instruments  directly  to  the  cerebral  substance 
of  certain  animals  (comp.  Part  L,  Chapter  IIL,  §  21).  He  finds 
that  the  arrival  of  sensorial  impressions  is  followed  by  a  rise  of 
temperature,  in  certain  special  areas  of  the  cortical  substance,  where 
— as  he  supposes— these  impressions  are  diffused;  he  also  con- 
cludes that  any  resulting  psychical  activity  is  itself  connected  with 
a  still  further  rise  of  temperature  than  that  which  the  sensorial 
impressions  alone  engender.  Schiff  's  conclusions,  therefore,  point 
not  only  to  the  localization  in  the  entire  brain  of  functions  connected 
with  the  phenomena  of  conscious  psychical  life,  but  also  to  some 
distribution  of  such  functions  among  its  various  areas.  In  the 
same  general  direction  are  the  conclusions  of  Byasson'  and  others^ 
as  to  an  increase  of  waste  in  the  tissues  of  this  organ,  which 
corresponds,  to  some  extent,  at  least,  with  the  amount  of  thought 
accomplished.  This  investigator  found  that  the  quantity  of  sul- 
phates and  phosphates  excreted,  in  comparison  wiUi  the  quantity 
estimated  as  entering  into  his  diet,  was  notably  increased  in  pro- 
portion to  the  amount  of  his  mental  work.  That  is  to  say,  in  con- 
nection with  an  increase  in  the  number  and  intensity  of  the 
psychical  operations  stands  an  increase  in  the  functional  activity  of 
the  cerebral  cells,  as  shown  by  the  expenditure  of  their  phos- 
phorized  constituents' 

»  Archives  de  Physiologie,  1870,  p.  451. 
« In  the  Jour.  d.  Anat,  de  Robin,  1869,  p.  557  f. 

^  See  the  chapter  of  Lujs  on  the   Physico-chemical  Phenomena  of  Cere- 
bral Activity ;  The  Brain  and  its  Fanctiona. 


BBLATTVS  WEIGHT  OF  BRAIN. 


348 


§  4.  CompttraiiTe  anatomy  aLao  indicates  the  importance  of  the  re- 
lation between  the  size,  Btructore,  and  functions  of  the  intercranial 
nervous  mass  and  the  phenomena  of  mind.  It  shows,  first  of  all,  a 
general  but  indefinite  correspondence  between  the  size  and  weight 
of  the  brain  of  imy  species  of  animal,  as  compared  with  the  weight 
of  its  entire  mass,  and  the  place  of  the  same  species  in  the  scale  of 
intelligence.  This  fact  is  roughly  exhibited  by  the  following  com- 
parative table : ' 


BELATION  OF  THE  WSaHT  OF  THE  BEAIN  TO  THE  WEXOHT  OF  THE  BODY. 


Tunny-fish . . . 
Land  tortoise. 

Shad 

Tadpole 

Elephant .... 
Salamander . . 
Sheep 


37,440 
2,240 
1,837 
720 
500 
380 
351 


Finch 1:  231 

Eagle 1:  160 

Pigeon 1:  104 

Rat 1:    82 

Gibbon 1:    48 

Yoimg  cat 1 :    39 

Sai — ape 1 :    25 


Doubtless  other  tables  might  be  compiled  which  would  lead  to 
less  satis^tory  conclusions  than  the  one  given  above.  Even  in 
this  table  we  note  that  the  elephant  stands  lower  than  the  sala- 
mander or  the  sheep,  both  of  which  animals  are,  in  fact,  far  in- 
ferior to  the  elephant  in  intelligence.  Large  allowance  must  also 
be  made  in  certain  cases  for  peculiarities  of  physical  structure  ;  for 
example,  the  tortoise  is  rated  lower  than  he  would  be  were  it  not 
for  his  heavy  shelL  The  law  itself  is  confessedly  subject  to  re- 
markable and  unexplained  exceptions ;  at  best  it  holds  good  only 
in  a  very  general  way.  For  example,  the  relative  weight  of  the 
brain  is  not  greatly  different  in  the  dolphin,  in  the  baboon,  and  in 
man.  It  is  much  greater  in  the  infancy  and  youth  of  the  human 
species  than  in  middle  life  or  old  age.  In  the  male  child  at  birth 
it  is  about  as  one  to  six  or  seven  (according  to  Tiedemann,  1  to 
5.85  in  the  male,  and  1  to  6.5  in  the  female).  The  brain  grows  with 
great  rapidity  for  the  first  few  years — the  increase  during  the  first 
year  being  estimated  at  about  one  cubic  centimeter  daily.  But  the 
rest  of  the  body  increases  so  much  more  rapidly  that  by  the  end  of 
the  second  year  it  is  about  1:14  ;  by  the  end  of  the  third  year,  1:18. 
It  increases  in  absolute  weight  until  well  on  into  middle  life,  and 
then  after  middle  life  diminishes  at  about  the  average  rate  of  one 

*  Taken  from  Hermann's  Handb.  d.  Physiol.,  II.,  ii.,  p.  193,  as  compiled  by 
Ezner.  on  the  basis  of  the  works,  in  part  of  Cams,  and  in  part  of  J.  Miiller. 
The  figures  of  comparative  weight  between  the  brain  and  the  body  are  some- 
what differently  given  by  other  authorities. 
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ounce  in  a  decade.  The  average  relatiye  weight  of  the  adnlt  brain 
is  one-fortieth  or  one-fiftieth.  Tiedemann  found  that  the  relatiTe 
weight  of  the  brain  is  dependent  upon  the  absolute  weight  of  the 
body,  and  is  irelatiyelj  greatest  with  light  persona  The  human 
brain  is,  however,  absolutely  heavier  than  that  of  any  of  the  ani* 
mals  except  the  elephant  (8^10  Iba)  and  the  whale  (5-6  lbs.). 

Much  pains  has  been  taken,  by  actually  weighing  different 
human  brains,  or  by  calculating  their  weight  on  the  basis  of  coiefol 
cranial  measurements,  to  establish  a  law  connecting  the  amount  of 
the  intercranial  nervous  mass  with  the  comparative  intelligence  of 
races  and  of  individuals.*  The  average  weight  of  the  brain  of  the 
adult  European  is,  for  the  male,  from  46  to  52  ounces ;  for  the  fe- 
male, from  42  to  46  ouncea  Boyd  gives  the  average  weight  of  the 
brain  of  the  male,  at  the  period  of  life  when  it  is  most  developed 
(twenty-five  to  forty  years  of  age),  as  46.8  ounces  (1,321  grams^  91 
centigrams).  This  difference  between  the  sexes  is  not  wholly  de- 
pendent on  difference  in  bulk  of  body,  but  is  an  important  sexual 
distinction.  Tlie  brain  of  man  is  on  the  average  ten  per  cent  above 
that  of  woman  ;  the  difference  in  average  stature  is  about  eight  per 
cent  Many  human  brains  rise  above  the  upper  average  ranges ; 
others  fall  below  the  lower  average  ranges ;  and  yet  no  marked 
peculiarities  of  mental  development  are  necessarily  connected  with 
these  variations.  Considerable  quantities  of  the  substance  of  the 
brain  may  be  lost  (at  any  rate  from  some  areas  of  the  cortical  sur^ 
face)  without  perceptibly  changing  the  mental  life.  In  278  cases 
of  males,  the  maximum  weight  of  brain  was  found  to  be  65  ounces, 
the  minimum  34  ounces ;  in  191  cases  of  females,  the  maximum 
was  56  ounces,  the  minimum  31  ounces.*  Numerous  instances  of 
large  excess  in  the  average  weight  of  brain-mass  by  individuals 
eminent  for  intelligence  are  on  record :  for  example,  Byron  scarcely 
under  79  ounces ;  Cromwell,  only  77  grains  less,  or  78.8  ounces 
(although  Yulpian  thinks  that  the  national  spirit  has  exaggerated 
both  these  instances)  ;  Cuvier,  64.5  ounces  ;  Abercrombie,  63 
ounces ;  Spurzheim,  55  ounces  ;  Sir  J.  Y.  Simpson,  54  ounces ;  Web- 
ster, 53.5  ounces  ;  Agassiz,  53.4  ounces ;  Chalmers,  53  ounces. 
Other  persons  of  eminence,  however,  have  had  brains  of  only  aver- 
age, or  of  under  avemge  weight ;  thus  C.  F.  Hermann,  46.5  ounces, 
and  J.  F.  L.  Hausmann,  43.3  ounces.  Moreover,  brains  of  high 
weight  not  infrequently  occur  without  evidence  of  imusual  mental 
capacity,  or  even  in  the  case  of  those  mentally  inferior.     Record  is 

>  On  the  ivUtions  of  the  Brain  with  respect  to  weight  tnd  maas,  see  Schwalbe, 
Lehrb.  d.  Xeuroloicie,  ii.,  pp  589  fl.     Krlangen,  1881. 
*  R^aulta  obtained  br  Sima,  Clendinning,  Tiedemann,  and  J.  Reid. 
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made  of  four  male  brains,  belonging  to  persons  of  no  repute  for  in- 
tellectual ability,  which  ranged  from  62.75  ounces  to  61  ounces  ;  of 
another  such,  which  weighed  60.75  oimces ;  of  the  brain  of  a  boy 
of  fourteen  which  weighed  60  ounces.  In  the  West  Riding  Asy- 
lum '  for  the  Insane,  out  of  375  males  examined,  the  weight  of  the 
brain  in  30  cases  was  55  ounces  or  upward ;  out  of  300  females 
examined,  in  26  cases  it  was  50  ounces  or  upward.  Several  persons 
afflicted  with  dementia  were  found  to  have  brains  weighing  more 
than  60  ounces.  On  the  contrary,  idiots,  almost  without  exception, 
have  brains  far  below  the  average  in  weight ;  as  a  rule,  the  brain 
of  such  an  unfortunate  does  not  weigh  so  much  as  30  ounces. 
Cases  of  microcephalous  idiots  are  on  record  whose  brains  weighed 
only  10.5,  or  even  8.05  ounces.  Here,  again,  however,  singular  ex- 
ceptions must  be  admitted ;  for  in  a  few  cases  the  brains  of  idiots 
have  reached  the  average  weight,  and  have  even,  in  rare  cases,  con- 
siderably surpassed  it 

Although  the  data  adduced  to  show  that  the  average  weight  of 
brain  in  the  more  highly  civilized  races  is  greater  than  in  the  savage 
races,  are  by  no  means  abundant  or  conclusive,  yet  they  are  stiffi- 
cient  to  create  a  reasonably  strong  presumption  in  favor  of  this 
view.  Calculating  from  the  size  of  the  cranial  cavity,  as  ascertained 
by  measurement  of  a  large  number  of  skulls,  it  is  inferred  that  the 
average  weight  of  brain  in  the  African,  Australian,  and  Oceanic 
races  generally,  falls  from  1  to  4  ounces  below  that  of  the  more 
highly  civilized  European.  It  is  further  noted  that  there  is  almost 
a  complete  absence  of  cases  rising  above  the  higher  ranges — above 
54  ounces,  for  example ;  and  that  there  is  not  the  same  difiference 
between  the  two  sexes  in  the  uncultivated  as  in  the  cultivated 
peoples.  Davis  calculated  the  average  weight  of  brain  among  the 
Chinese  to  be  about  equal  to  that  of  the  Caucasian  race  in  Europe  ; 
among  the  Sandwich  Islanders  to  be  some  thirty  grams  lesa  The 
surprisingly  low  weight  of  the  brain  of  the  Hindus  is  in  part  a 
function  of  their  smaller  weight  and  bulk  of  body.  It  may  fairly 
be  urged  in  objection,  that  by  the  method  of  measuring  skulls 
taken  somewhat  at  random  we  should  be  likely  to  find  a  note- 
worthy absence  of  such  exceptional  cases  in  ceilain  quarters 
among  the  European  races ;  and  that  the  relative  increase  in  size 
of  the  female  brain  among  uneducated  peoples  is  probably,  in  part 
at  least,  the  result  of  the  response  of  the  nervous  system  to  the 
demand  mode  upon  it  for  the  hard  labor  performed  by  the  women 
among  such  peoples. 

Any  law  which  refers  the  intensity  and  range  of  the  mental 

'  For  these  facts  see  the  Enoyclopajdia  Britauuica,  ninth  ed.,  I.,  p.  879  f. 
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activities  directly  to  the  size  and  weight  of  the  nervous  mass  of  the 
brain  must,  therefore,  be  held  only  very  loosely.  It  is  to  be  ex- 
pected that  many  unexplained  exceptions  will  meet  us,  whether  we 
compare  men  with  the  other  animals,  or  certain  races  of  men 
with  others,  or  individual  men  with  one  another.  No  intelligent 
physiologist  would  now  think  of  making  mere  mass  the  test  of 
mental  capacity. 

§  5.  A  more  intimate  relation  of  dependence  exists  between  the 
amount  of  intelligence  and  the  complex  structure  of  the  brain  as 
arising  to  a  large  extent  from  the  development  of  the  cerebral 
hemispheres — that  is,  from  their  relative  size  and  expanse,  and 
from  the  number  and  depth  of  their  convolutions.  In  other 
words,  wealth  of  expanded  and  convoluted  cerebral  hemispheres 
is,  in  some  general  way,  a  measure  of  the  richness  and  intensity  of 
mental  life.  This  conviction  becomes  stronger  the  more  carefully 
the  comparative  anatomy  of  the  cerebrum,  and  the  development  of 
the  cerebral  hemispheres  in  the  human  embryo,  are  examined. 
The  forms  of  brain  found  permanently  in  fishes,  amphibians, 
reptiles,  birds,  and  the  lower  mammals,  are  extremely  similiar  to 
those  shown  in  succession  by  the  developing  brain  of  the  higher 
mammals,  and  especially  of  man.  The  most  distinctive  feature  of 
man's  superior  brain  is  the  marked  development  in  the  size,  num- 
ber, and  depth  of  the  convolutions  of  the  hemispherea  In  fishes 
generally,  both  cerebrum  and  cerebellum  are  very  small ;  but  the 
ganglia  connected  with  the  organs  of  sense,  especially  of  vision,  are 
relatively  large.  In  amphibia  the  cerebral  hemispheres  are  rel- 
atively enlarged  ;  are  advanced  backward  still  farther  in  reptiles ; 
while  in  birds  the  vesicles  of  the  mid-brain  are  partially  hidden  by 
the  development  of  the  hemispheres.  In  the  lower  mammals  the 
enlargement  of  these  same  organs  by  growth  backward  continues, 
and  their  two  parts  become  connected  by  a  commissure  ;  but  they 
still  remain  comparatively  meagre  in  size  and  simple  in  structure, 
without  much  distinction  of  lobes  or  division  into  convolution&  It 
is  only  in  the  most  elaborately  developed  brains  of  the  higher 
mammals  that  the  occipital  lobe  enlarges  backward  so  as  to  cover 
mid-brain,  cerebellum,  and  medulla  oblongata ;  and  that  the  frontal 
lobe  spreads  forward  over  the  nasal  cavities  so  as  to  constitute  a 
development  of  forehead.  Meantime  the  convolutions  apparent  on 
the  cerebral  surface  increase  in  number  and  depth. 

The  theory  suggested  by  comparative  anatomy  is  confirmed  by 
the  probable  view  of  Meynert,  that  the  whole  of  this  cortical  region 
of  the  cerebrum  is  a  great  **  projection-field  "  on  which  the  sensory 
impulses  are  marshalled  and  systematically  ordered  (to  serve,  as  it 
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were,  for  tbe  phymcd  bans  of  mental  phenomena),  as  they  arriye 
from  the  peripheral  regions  imd  are  distributed  oyer  the  outgoing 
motor  tract&  Certain  striking  exceptions  to  the  principle  of  this 
theory  must,  however,  be  acknowledged.  Within  each  great  group 
of  animals  considerable  variations  occur  in  the  degree  of  cerebral 
convolution,  such  that  it  cannot  be  said  accurately  to  measure  the 
degree  of  intelligence.  For  example,  among  mammals  the  in- 
sectivora  have  brains  "poorest"  in  convolutions,  the  herbivora 
are  ''richest,"  and  the  camivora  stand  between;  the  ruminants, 
although  rather  dull  and  incapable  of  being  taught,  have  numer- 
ous and  deep  convolutions  enough  to  rank  them  much  higher  than 
their  real  intelligence  deservea  The  marmoset,  on  the  other  hand, 
the  relative  weight  of  whose  brain  is  as  1  to  18,  shows  a  compara- 
tively smooth  and  non-convoluted  surface,  in  striking  contrast  with 
that  of  other  monkeys. 

Trustworthy  data  are  as  yet  wanting  to  place  beyond  doubt  the 
probable  opinion  that  the  brains  of  less  highly  civilized  races  and 
less  highly  intellectual  individuals  are  relatively  poor  in  develop- 
ment of  the  cerebral  hemispherea  The  human  embryo  is,  indeed, 
an  illustration  in  miniature  of  tha  truth  of  this  opinion  ;  the  older 
it  becomes  the  more  distinctly  marked  are  the  lobes  of  the  cere- 
bral hemispheres,  and  the  more  numerous  and  deep  are  their  con- 
volutions. The  brains  of  idiots  are  said,  as  a  rule,  to  be  poor  in 
convolutions  ;  this  fact  is  doubtless  connected  with  the  embryonic 
condition  in  which  many  of  them  have  remained  through  arrested 
development.  Hermann  Wagner/  on  the  basis  of  measurements 
made  by  his  father,  undertook  to  estimate  the  comparative  total 
surface  of  the  cerebral  hemispherea  of  four  brains,  viz.:  of  two 
males  of  noteworthy  intelligence  (Gauss,  the  mathematician,  and 
Fuchs,  the  physician),  of  a  male  laborer  (Krebs),  and  of  a  female 
in  middle  Ufe.  By  weighing  carefully  the  amount  of  gold-foil  laid 
on  uniformly,  which  was  required  completely  and  closely  to  en- 
velop all  the  convolutions  of  these  brains,  Wagner  concluded  that 
the  area  of  concealed  surface  was,  in  each  case,  approximately 
equal  to  that  exposed.  The  total  surfaces  of  the  four  brains  were 
thus  found  to  measure — of  Gauss,  2,196  square  centimeters;  of 
Fuchs,  2,210 ;  of  the  woman,  2,041 ;  of  Krebs,  1,877.  It  is  a  tempt- 
ing but  rather  insecure  generalization  which  concludes  from  so 
few  cases  that  the  richness  of  the  cerebral  convolutions  (tbe  total 
surface,  both  that  exposed  and  that  concealed  by  the  sulci),  is  a 
general  direct  measure  of  the  intelligence. 

§  6.  Other  interesting  attempts  have  been  made  to  measure  the 

*  MAasabestimmongen  d.  Oberfliiche  d.  grossen  Gehirns.     Cassel,  1864. 
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for  the  preaent^  reference  is  simply  made  to  the  results  of  iu) 
tigation  as  already  set  forth  in  Part  L   (see  especially  Chap 
IV.).     Physiology  demonstrates  that  the  nervous  impulses,  so  far 
they  result  in  sensation,  pass  along  centripetal  tracts  which  co 
verge  from  every  portion  of  the  peiiphery  toward  the  brain  ;  ai 
that,  so  far  as  they  result  in  motion  foUowing  upon  idea  and  vol 
tion,  they  pass  along  centrifugal  tracts  diverging  from  the  sam 
central  masse&     It  tiius  confirms  the  same  theory  which  studies  o. 
the  anatomical  structure  of  the  nervous  system  suggest,  namely, 
that  in  these  masses,  and  especiaUy  upon  the  cortex  of  the  cere- 
brum, is  the  common  meeting-place  of  both  kinds  of  impulsea   The 
section  or  injury  of  any  nerve-tract,  even  in  the  spinal  cord,  apart 
from  indirect  and  secondary  influences,  does  not  affect  the  psychical 
functions.     In  such  an  event,  the  parts  of  the  body  lying  periphe- 
rally from  the  point  of  interruption  are  simply  withdrawn  from  all 
direct  connection  with  sensations  or  volitions.     Sensory  impulses, 
then,  no  longer  occasion  sensations ;  ideas  of  motion  and  volitions 
to  motion,  of  the  parts  thus  disconnected,  become  of  no  effect  in 
producing  the  customary  result     It  has  also  been  made  obvious 
that,  in  proportion  as  the  masses  of  an  animal's  brain  are  removed 
or  incapacitated  from  performing  their  functions,  the  evidences  of  a 
-varied  and  complex  mental  experience  are  diminished.     The  simple 
spinal  cord  of  a  frog,  acting  as  a  nervous  mechanism,  will  perform 
a  few  wonderful  feats ;  joined  with  the  medulla  oblongata,  optic 
lobes,  and  other  lower  parts  of  the  brain,  it  will  give  largely  in- 
<rreased  signs  of  psychical  phenomena ;  it  would  not  be  claimed, 
liowever,  that  the  cerebral  hemispheres  of  this  animal — relatively 
insignificant  as  they  are  when  compared  with  those  of  the  higher 
animals — are  of  no  special  importance  for  its  highest  psychical  life. 
^Essentially  the  same  thing,  though  in  more  emphatic  form,  is  true 
of  all  animals  of  a  higher  grade  of  intelligence. 

§  8.  In  the  case  of  man,  the  cerebral  hemispheres  are,  appar- 
ently, the  only  ix)rtions  of  the  nervous  system,  between  the  size, 
condition,  and  molecular  activity  of  which  and  the  phenomena  of 
consciousness  there  is  a  direct  correlation.  If,  then,  we  are  to  speak 
of  mental  activities  as  "  localized  "  at  all,  the  locality  must  be  in 
the  cortex  of  the  cerebrum.     The  position  that,  in  the  case  of  man, 
the  spinal  cord  and  all  the  in te reran ial  organs  below  the  cerebral 
hemispheres,  are   incapable   of  acting   as   the  hnmedlale  physical 
haais  of  mental  states,  is  confirmed  even  by  those  experiments  upon 
other  animals,  which  seem  at  first  sight  to  discredit  it.    The  h\^)oth- 
esis  that  consciousness  has  a  seat  in  the  spinal  cord  of  the  frog  ; 
that,  in  fact,  we  may  properly  speak  of  the  decapitated  animal  as 
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baring  %  soul — ^has  been  nrgecl  by  eminent  physiologists  (Pflfiger, 
for  example).  That  the  oord  alone  is  capable  of  Tarious  purpose- 
ful activities,  such  as  serve,  under  certain  circumstances,  as  signs 
of  a  psyrhioal  experience,  may  be  demonstrated  by  experiment 
(«)oin|x  Plurt  I.,  Chapter  lY.,  §§  4  ff ).  But  unless  one  is  prepared 
lo  luaintain  that  a//  purposeful  activity,  as  resulting  from  excited  ner- 
n>Qs  substance,  must  be  correlated  with  phenomena  of  conscious 
sensation  and  volition,  one  can  scarcely  assume  with  confidence 
Uiat  suoh  phenomena  accompany  tiie  movements  of  the  decapitated 

What  tho  nervous  meclianism  will  do,  when  set  agoing  by  the 
api^n^priato  stimuli,  depends  not  only  on  its  original  structure,  but 
alai^  on  ii«  a<\|uir^l  habits  of  action.  That  this  law  holds  good 
<i»vvu  for  tlH^  mechanism  of  the  hemispheres  of  the  brain  is  obvious 
fhun  various  facta.  Stimulating  those  regions  of  the  cerebral  cor- 
li(»t  >Nrhich  are  ci^nneoteil  with  definite  groups  of  muscles,  in  the  case 
of  the  adult  animal  ^for  example,  a  dog),  does  not  call  out  the  same 
r«^l|H\U!^>«  in  the  animal  newly  bom  (that  is,  under  nine  or  ten  days 
oKlV  Hio  celiac  of  tlie  binl  which  has  lost  its  cerebral  hemispheres, 
au«l  >ix  hioh  c\«>niios  motions  by  means  of  the  lower  basal  ganglia, 
%\\M  A>r\\\  to  iiulii^ato  a  complex  psychical  life  (comp.  Fart  L, 
I'hai^tfr  IW.  §  :h>'  is  le«8  easy  of  solution.  Are  we  to  consider 
mich  Au  :inuu,^l  still  capable  of  **  sensation,**  "  perception,**  and  "  vo- 
\\\\\\\\  "^ '  It  tins  i)Ut>$tion  means  whether  any  phenomena  continue 
l\^  wvur  s\u  h  as  i\>m>${x^nd  lo  those  conscious  experiences  of  our 
ow))  to  whu'h  t^v  A|^^ly  the  aK^venoftentioned  words,  then  we  must 
%\\|^fx">!S  our  i*^*lMl;U  to  answer  it 

tu  p  r.«  1^1  x^f  know  vMi^mely  little  of  the  conscious  mental  life 
of  I  he  Unxwv  Av,tiv.aK  W^hat  we  conjecture  is  wholly  dependent  on 
lh««  n^i<  ))Mvtjiu«>v..  ^v^»  m  terms  of  our  human  conadousness*  to 
i^uMiiM'^  M  \Vx\T  Kvhos  nwiembhng  those  which  express  definite 
\\M>»i^^>\\%  srii«*  v,i  ours^lvif*.  But  a  large  part  of  our  own 
Wvh\\  !%,n\;^\  ^s  onlir.ahK  ih>I  definitely  correlated  with  any  con- 
n^'u^uA  m«  r.u'.  Aor.x^iv  ;  f^r  example,  bneathing,  winking,  swallow- 
\%\}\.  n>\\ik^ui\\\ii^  ^\\^  |v^^^,^Te  of  the  K>!y  in  sleep  and  in  states  (rf 
|\i\\fxMn)<l  iu<num:^.v,..  A»«l  csjwiallT  the  v>eiT  complex  operations 
iM\>\lx^Nl  u>  \x:\4Vv.\>:.  sir.jnTii:,  pJtyinj:  on  musical  instnmients,  or 
ImiuUiu^  i^  \*\\\,  «*io.  In  all  tlM^A^  a3>«i  similar  cases;  we  find  that 
ii\t  n^tUA^io  :\r.i  )Mr,^\>>i<rfiil  }^iiT  of  the  meichanism  is  by  no  means 
n«sHN^Mvtl\  xXMniot-'UN^  xmTi;  a  corr«;jx>odinij  j«flies  of  conscious  sen- 
MAt\o))A  :«i^.l  vohhxxr.s  Rit  iTi  prv^portion  as  the  hemispheres  of  an 
atuin^^lV  U^iin^  K\^^nK  n>Iatawly  developed,  not  only  their  abso* 
lut<»  l%ul  a)«k>  tix^r  in/afuit  «igmifioat»oe  is  ineraassd.    TheinJInenes 
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*of  the  brain  proper  upon  the  Tolnntery  mofements  of  an  animal 
-da  greater,  the  higher  the  animal  stands  in  the  scale  of  cerebral 
development  and  of  intelligence.     A  frog,  or  a  fovl,  depriyed  of 
dts  hemispheres,  can  do  what  is  quite  impossible  for  a  dog  or  an 
.spe  in  the  same  condition.      It  then,  man's  nervous  mechanism, 
especially  in  case  it  has  been  trained  to  elaborate  co-ordinated  f  unc- 
^ons,  can,  without  any  corresponding  accompaniment  of  mental 
3>henomena,  accomplish  so  much  which  appears  significant  of  the 
^nost  elaborate  psychical  activities;  a  fortiori^  it  is  likely  that  we 
zmay  make  this  mechanism,  working  without  consciousness,  account 
:^or  most  of  what  is  done  by  the  hen  or  pigeon  without  its  cerebral 
hemispheres.     Moreover,   experimental    physiology    undoubtedly 
*^ends  tovrard  accounting  more  and  more  fully  for  the  most  com- 
plex bodily  motions  under  the  terms  of  physical  mechanism. 

The  most  marked  result  of  an  animal's  loss  of   the  cerebral 
I3iemispheres   is  the  sudden  and   great,  or  total  departure  of  its 
ktelligence.    This  fact  is,  of  course,  confirmatory  of  the  impres- 
Lon  that  the  functions  of  these  hemispheres,  and  of  them  alone, 
institute  the  physical  basis  of    its  intelligence.      We  confess, 
low^ever,  our  inability  to  affirm  that  the  "  psychical  life  "  of  every 
tpiTYiftl  is  inseparably  bound  to  its  continued  possession  of  these 
morgans.     There  may  possibly  be  a  varied  psychical  life  of  animals 
"tthat  have  no  brain.     Yet  in  the  case  of  the  higher  mammals,  and 
icially  in  the  case  of  man,  we  need  not  hesitate  to  affirm  the 
probability  of  such  an  inseparable  connection.     Tlie  physical  basis 
»f  the  phenomena  of  human  consciousness  is  pre-eminently,  if  not 
jxdusively,  the  convoluted  cortex  of  the  cerebrum. 
g  9.  It  is  impossible,  accordingly,  to  avoid  raising  the  inquiry 
^^iv^liether  some  more  definite  scheme  of  the  localization  of  cerebral 
^^unctions  may  not  be  discovered.     The  cerebral  cortex  is  itself  a 
'"%rery  complex  organ,  or  system  of  organs.     Its  different  regions 
^^xe  marked  by   comparatively  slight,  and  yet  not  insignificant,  dif- 
:f  erences  of  structure ;  they  stand  in  different  local  relations  and 
^^ervous  connections  with  one  another  and  with  the  ganglia  lying 
>>elow.     This  outlying  rind  of  gray  nervous  matter  is,  of  course, 
Xiot  a  homogeneous  mas&     It  is  made  up  of  innumerable  nervous 
elements  combined  in  various  ways  and  multiform  connections. 
It  may  be  regarded,  then,  as  a  complex  of  organs.     Tlie  question 
therefore  arises :  Have  the  different  members  of  this  complex  of 
organs  different  relations   to   definite  motor  activities  in  the  pe- 
ripheral regions,  and  to  the  various  phenomena  of  conscious  men- 
tal life  ?    or,   in   other  words :  Have  different  parts  of  the  cere- 
bral hemispheres  all  the  same  office  and  value  in  relation  to  the  Ufe 
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of  sensation  and  voluntary  motion  ?  This  is  the  question  generalfy 
understood  under  the  term — "the  localisation  of  oerefaral  Inno- 
tion." 

§  10.  Most  of  our  definite  knowledge  oonoeming  the  functions 
of  the  other  parts  of  the  nenrous  mechanism  creates  a  presumption 
in  &iTor  of  some  localization  of  cerebral  functions.  All  the  diflferent 
parts  of  this  mechanism  are,  indeed,  constructed  by  combining 
variously  a  few  elements  of  essentially  the  same  structure  ;  all  of 
them  likewise  are  capable  of  exercising  essentially  the  same  neural 
functions.  But  each  part  of  this  mechanism  has  also  its  special 
functions.  Thus  we  found  that  the  different  nerves  become  classi- 
fied functionaUy ;  some  are  motor,  voluntary  or  involuntary,  some 
inhibitory,  some  secretory,  some  sensory,  etc.  Hints  of  a  certain 
kind  of  classification  may  be  discovered  for  the  smaller  ganglia  or  col- 
lections of  nerve-cells.  In  making  transverse  sections  of  the  cord, 
different  regions  with  different  functions  appear.  Considered  lon- 
gitudinaUy,  the  cord  is  capable  of  being  more  or  less  definitely 
divided  into  several  so-called  centres,  with  specifically  different 
functiona  Localized  centres,  where  specific  kinds  of  reflex-motor 
activity  have  their  particular  seats,  are  fairly  crowded  together  in 
the  medulla  oblongata.  All  the  lower  parts  of  the  encephalon 
appear  subject,  in  a  measure,  to  the  principle  of  localization.  Shall 
we,  then,  stop  short  in  our  attempts  at  differencing  the  functions  of 
the  locally  separate  parts  of  the  nervous  system  just  at  the  point 
where  we  reach  the  most  complex  and  extended  organ,  or  rather 
collection  of  organs,  which  this  system  contains  ? 

§  11.  Notwithstanding  the  strong  presumption  in  favor  of  the 
localization  of  cerebral  function,  the  beginnings  of  a  successful 
attempt  to  establish  this  theory  are  only  about  fifteen  years  old. 
The  doctrines  of  GhJl,  Spurzheim,  and  others  in  the  older  school 
of  phrenologists,  proved  so  inconclusive  as  to  bring  contempt 
upon  subsequent  attempts  to  divide  the  hemispheres  of  the  brain 
into  different  functional  areaa  Moreover,  certain  indisputable  facts 
seemed  to  render  impossible  the  assured  beginnings  of  a  theory 
of  cerebral  localization.  Considerable  portions  of  the  human  brain, 
it  was  found,  might  be  lost  without  destroying  any  one  sensoiy  or 
motor  function.  Moreover,  the  gray  matter  of  the  cerebral  henu- 
spheres,  it  was  then  thought,  could  not  be  directiy  excited  by  elec- 
tricity or  by  other  forms  of  stimuli  The  greatest  experimenters 
in  physiology,  such  as  Longet,  Magendie,  Flourens,  Matteucd,  van 
Deen,  Budge,  and  Schif^  declared  against  the  localizing  of  cerebral 
function.     In  1842  Longet  *  affirmed  that  he  had  experimented  upon 

'  Anatomie  et  phjrsiologie  du  syst^me  nerreaz,  etc,  Puis,  1842,  i.,  p.  644  f. 
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^€he  oortieal  snbfltance  of  dogs,  rabbits,  and  kids,  had  irritated  it  me- 
*^;hamcally,  cauterized  it  with  potash,  nitric  acid,  etc.,  and  had  passed 
galvanic  currents  through  it  in  different  directions,  without  obtaining 
^anj  sign  whatever  of  resulting  muscular  contraction.  In  the  same 
^ear  Flourens  *  asserted,  on  the  basis  of  numerous  experiments  in 
extirpation,  that  the  lobes  of  the  cerebrum  perform  their  functions 
^witb  their  whole  mass ;  that  there  is  no  special  seat  for  any  of  the 
^cerebral  activities ;  and  that  even  a  small  remnant  of  the  hemi- 
spheres can  serve  all  the  uses  of  their  collective  function& 

So  great  was  the  authority  of  the  distinguished  names  just  men- 
*^oned,  that  their  confident  opinions  gained  general  credence.  The 
evidence  brought  forward  by  Broca  and  others  seemed,  however, 
^o  show  some  special  connection  between  a  single  convolution  of 
*tJie  frontal  lobe  and  the  complex  activities  of  articulate  speech ; 
id  the  anatomist,  Meynert,  held  the  opinion  that  the  structure 
id  connections  of  the  cerebrum  show  its  anterior  portion  to  be 
g^eneral  used  for  motor,  its  posterior  for  sensory  functions.  In 
ZL867  Eckhard  repeated  the  significant  observation  which  hod  been 
i^nade  by  Haller  and  2iinn  more  than  a  century  before :  namely, 
^baty  on  removing  parts  of  the  cortical  substAnce  of  an  animal's 
^ft>rain,  convulsive  movements  occur  in  its  extremities. 

§  12.  It  was   not  until  1870  that  the  "  epoch-making  **  experi- 
:3xieiits  of  Fritsch  imd  Hitzig '  began  the  mo<lem  era  of  investiga- 
tion into  this  subject     These  observers  announced  the  fact  that  the 
cerebral  cortex  of  dogs  is,  at  least  in  certain  minute  areas  of  it,  ex- 
^3itable  by  electricity.    They  pointed  out  the  further  fact  that,  while 
^iome  parts  of  the  convexity  of  the  cerebrum  are  capable  of  motor 
^Bxcitation  and  others  not,  the  motor  parts  lie  in  general  to  the 
iCront,  the  non-motor  to  the  rear  of  this  convexity.     By  stimulating 
^^'ith  an  electrical  current  the  so-called  motor  parts,  co-ordinated 
^contractions  of  the  muscles  in  the  opposite  half  of  the  body  are 
obtained.     Of  such  so-called  "motor  centres"  they  indicated,  in 
their  first  announcement,  the  following  five  :    One  for  the  muscles 
of  the  neck,  another  for  the  extension  and  adduction  of  the  fore- 
liuib,    another  for  the  bending  and  rotation  of  the  same  limb, 
another  for  the  hind-limb,  and  lastly  one  for  the  face.     From  such 
facts  they  drew  the  conclusion  tliat  the  principle  announced  by 

*  Recherches  exp^rimentales  sur  les  proprietos  et  les  fonctions  du  systeme 
nerveuz,  etc. ,  p.  99  f . 

'See  the  artiole  by  G.  Fritsch  and  E.  Hitzig  in  the  Archiv  f.  Anat.,  Phy- 
siol., etc.,  1870,  pp.  800-382  ;  and  subsequent  articles  by  Hitzig  in  the  same 
Archiv,  1871,  1878,  1874,  1875,  1876  ;  also  his  work,  Untorsuchungen  uber 
das  Gehirn,  Berlio,  1874. 
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Flourens  is  demonstrably  false.  We  most  rather  admits  aaj  they, 
that  "  certainly  several  psychical  functions,  and  probably  all,  are 
shown  to  have  their  point  of  entrance  into  matter  or  of  origin  from 
it  at  circumscribed  centres  of  the  cerebral  cortex."*  The  same 
principle  was  subsequently  defended  at  length  by  Hitzig,  and  the 
number  of  so-called  cerebral  centres  increased.  The  most  note- 
worthy facts  which  these  experimenters  first  made  clear  and  de- 
monstrable have  since  been  verified  by  many  investigators.  Many 
of  these  facts  may,  with  care  and  skill,  be  verified  by  any  observer. 
Dr.  Ferrier  in  particular  has  used  the  method  of  Fritsch  and  Hitzig 
to  map  out  the  hemispheres  of  the  brain  of  the  monkey  into  no 
^  fewer  than  fifteen  kinds  of  centre&  The  testimony  of  human  pa- 
^  thology,  and  the  evidence  of  comparative  anatomy  and  of  histology, 
have  also  been  largely  drawn  upon  either  to  confirm  or  to  confute 
the  conclusions  originally  based  on  experiments  with  animals.  Be- 
fore considering  the  conclusions  themselves,  it  is  necessary  to 
understand  the  true  nature  and  extent  of  the  various  kinds  of  evi- 
w    dence. 

§  13.  Exner*  has  well  said  that  "  a  physiology  of  the  cerebral  cortex, 
in  the  sense  in  which  there  is  a  physiology  of  the  muscle,  eta,  scarcely 
exists  at  the  present  time."  The  reasons  for  such  a  deficiency  lie 
partly  in  the  very  nature  of  this  organ  and  the  place  it  holds  with- 
in the  animal  economy  ;  as  well  as  partly,  perhaps,  in  certain  prej- 
udices which  have  hindered  the  physical  theory  of  a  material  struct- 
ure BO  intimately  related  to  the  action  of  the  mind.  The  cerebral 
cortex  of  the  animals  is  experimentally  approached  only  by  over- 
coming immense  difficultiea  Moreover,  those  physical  and  chemi- 
cal processes  of  the  cerebral  substances,  to  which  we  must  look  for 
any  strictly  scientific  understanding  of  its  physiology,  are  placed 
almost  utterly  beyond  reach  of  investigation.  Reasoning  must  fill 
up  with  conjecture  the  great  gaps  that  lie  between  a  very  complex 
series  of  physical  occurrences^  only  a  part  of  which  are  obeervabley 
on  the  one  side,  and  on  the  other,  an  equally  complex  group  of 
psychical  occurrencea  The  latter  belong  to  a  different  order  of 
phenomena  from  the  former;  and,  moreover,  in  the  case  of  the 
lower  animals — which  must  be  selected  almost  exclusively  for  ex- 
periment—we know  nothing  of  these  psychical  occurrences  except 
through  physical  signs  that  are  peculiarly  liable  to  misinterpreta- 
tion. The  result  is  that  our  conclusions  on  the  localization  of  cere- 
bral function  must  be  reached  by  considering  a  great  multitude  of 
complicated  facts,  many  of  which  appear  to  take  sides  with  contend- 

*  Archiv.  f.  Anat,  PhysioL,  etc.,  1870,  p.  882. 
*See  Hermann's  Handb.  d.  Physiol,  IL,  ii.,  p.  180. 
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ing  ohampionB  of  diflTerent  theories  who  alike  appeal  to  them.  It 
is  only  by  observing  the  directions  in  which  the  different  lines  of 
evidence  seem  to  point  in  common,  that  we  can  reach  even  a  prob- 
able opinion  upon  a  few  point& 

§  14.  Three  great  lines  of  evidence,  leading  from  three  great 
groups  of  facts,  must  be  considered.  These  are  the  evidence  from 
experimentation,  the  evidence  from  pathology,  and  the  evidence 
from  histology  and  comparative  anatomy.  Each  of  the  three  has 
its  peculiar  advantages  and  value  ;  each  also  its  peculiar  difficulties 
and  dangera  It  is  only  by  regarding  the  combined  testimony  of 
the  three  that  the  highest  probability  at  present  possible  can  be  at- 
tained. 

Experimentation  vnth  a  view  to  discover  the  localized  functions 
of  the  cerebral  cortex  is  of  two  kinds,  stimulation  and  extirpation. 
Here,  too,  what  has  already  been  said  (Part  L,  chap.  IV.,  §  14)  con- 
cerning the  difficulties  of  the  same  mode  of  investigation  in  the 
sub-cerebral  regions  of  the  encephalon  must  be  recalled  and  made 
more  emphatic.  All  experiment  by  stimulation  of  certain  areas  of 
the  hemispheres  of  the  brain  reUes,  of  course,  upon  the  argument 
that  those  areas  whose  stimulation  is  followed  by  the  movement  of 
definite  groups  of  muscles  are  especially  connected  with  such  groups 
of  muscles.  The  further  assumption  is  likely  to  be  made  that  these 
areas  constitute  the  special  organs  which  have  control,  as  it  were, 
of  the  same  muscles.  Since  it  seems  to  be  a  general  principle  that 
the  sensory  and  motor  nerve-tracts  distributed  to  any  region  of  the 
periphery  come  into  tolerably  close  local  relations  to  each  other 
somewhere  within  the  entire  field  of  the  cerebrum,  it  would  seem  to 
follow  that  some  special  connection  exists  between  certain  classes 
of  sensations  and  volitions  and  the  circumscribed  areas  of  cortical 
substance  pointed  out  by  experiment.  It  should  not  be  forgotten, 
however,  that  the  excitation  of  any  group  of  muscles,  by  applying 
stimulus  to  some  area  of  the  cerebral  cortex,  proves  only  that  this 
area  is  somehow  connected  with  such  group  of  musclea  It  still 
remains  to  be  shown  that  sensory-  impulses,  on  arriving  from  such  a 
peripheral  portion  of  the  body,  serve  as  the  physical  basis  for  the 
psychical  phenomena  of  sensation  solely  within  this  circumscribed 
central  area  ;  or  that  conscious  volitions,  in  order  to  be  followed 
by  motion  in  this  peripheral  portion,  must  give  rise  to  the  mole- 
cular commotion  of  the  same  area. 

§  15.  By  far  the  most  efficient  and  manageable  stimulus  for  ex- 
perimenting upon  the  localization  of  cerebral  function  is  the  electrical 
current.  Mechanical  or  chemical  irritation  may,  however,  be  em- 
ployed in  certain  cases.     The  use  of  the  electrical  current  incurs. 
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of  coarse,  the  danger  of  its  difibsion.  Important  objections,  baaed 
upon  this  fact  and  upon  other  grounds  connected  with  the  use  of 
electricity,  have  been  raised  to  the  conclusions  of  Hitzig.*  To 
Hitzig's  claim  that  the  electrical  currents  which  excite  the  so-called 
motor  areas  are  ''very  weak/*  and  therefore  unable,  at  a  very  alight 
distance  from  the  place  of  the  application  of  the  electrodes,  to  affect 
the  nervous  substance,  Hermann  replies  that,  on  the  contrary,  con- 
sidering the  effect  antecedently  to  be  expected,  these  currents  ore 
''  surprisingly  strong,"  and  that  the  brain,  in  di£fusing  the  currents, 
must  act  like  any  other  substance  (e.g.,  a  mass  of  copper)  of  similar 
form — that  is  to  say,  the  distribution  of  such  a  current  in  the  sub- 
stance of  the  brain  is  a  purely  geometrical  function  of  the  form  of 
this  substance  and  of  the  position  of  the  electrodes.  Moreover,  it 
is  found  that  increasing  the  strength  of  the  current  applied  to  a 
so-called  ''motor  area  "  invariably  increases  the  size  of  the  cortical 
region  thrown  into  activity.  That  extra-polar  conduction  actually 
takes  place  in  the  substance  of  the  brain  has  been  shown  by  Dupuy, 
and  by  Carville  and  Duret ;  contraction  of  the  muscle  of  the  rheo- 
scopic  frog  and  deflection  of  the  needle  of  the  galvanometer,  at  re- 
mote distances  from  the  electrodes,  prove  that  the  current  passes 
along  the  whole  extent  of  the  cerebral  hemisphere.  The  excitability 
of  the  cortical  substance  continues  for  hours  after  its  exposure  to  the 
air,  or  after  acids  have  completely  destroyed  its  external  third  por- 
tion. If  the  cortical  area  be  separated  by  a  circular  cut  from  all 
connection  with  the  nervous  substance  below,  it  is  still  excitable  with 
only  a  slight  increase  in  the  strength  of  the  stimulus  applied.  Or 
if  the  gray  substance  of  the  surface  be  wholly  removed,  and  the 
electrodes  plunged  in  the  blood  of  the  cavity  of  one  of  these  so- 
called  motor  areas,  the  customary  results  foUow.  Still  further,  the 
size  of  the  circle  within  which  the  minimum  amount  of  stimulus, 
when  applied  to  certain  gyri,  will  serve  to  excite  the  hind-limb  of 
the  animal,  remains  about  the  same  whether  the  amount  of  cortical 
surface  contained  in  the  circle  be  largely  increased  by  a  sulcus 
crossing  it,  or  not. 

From  facts  like  the  foregoing  it  is  argued  that,  while  beyond 
question  the  application  of  a  given  amount  of  stimulus  to  certain 
gyri  of  the  cortical  surface  will  produce  definite  motor  results,  we 
cannot  aflinn  those  gyri  to  be  the  true  cortical  centres  of  such 
motion.  Such  gyri  have  accordingly  been  regarded  by  some  as 
merely  connected  vnih  the  excitation  of  motion  in  a  mechanical 

'  See  espocially  the  article  of  Hermann  describing  investigations  under- 
taken by  him  in   company   with  von  Borosnyai,  Luohsingvr,  and  othei 
PllQger's  Arohiv  (1875;,  x.,  pp.  77  flf. 
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way,  through  their  senrice  in  conducting  the  electrical  Btimulus  to 
other  regions  of  the  brain,  especially  to  the  basal  ganglia.  The 
argument  for  the  theory  of  localization  would  need  to  show,  how- 
ever, that  the  electrical  current  stimulates  these  areas  immediately 
to  the  exercise  of  iheir  central  nervous  functions,  and  does  not 
simply  pass  through  them  to  excite  other  nervous  matter  lying 
beneath. 

To  the  foregoing  objections  the  advocates  of  the  theory  of  locali- 
zation make  the  follovring  among  other  replies :  *'  The  effect  of  irri- 
tation of  the  basal  ganglia  is  capable  of  exact  estimation  ; "  '  and 
definite  localized  contraction  of  single  groups  of  muscles,  such  as 
comes  from  stimulating  certain  areas  of  the  cortical  surface,  does 
not  follow  from  irritating  the  basal  ganglia.     Stimulation  of  other 
areas  of  the  cortical  surface  which  lie  nearer  to  the  basal  ganglia — 
for  example,  of  the  island  of  Beil,  which  immediately  overlies  the 
corpus  striatum^-causes  no  movementa     On  the  contrary,  it  was 
found  by  Garville  and  Duret  that  the  phenomena  evoked  by  stimu- 
lating the  motor  areas  persist,  even  after  the  destruction  of  the 
corpus  striatum.     Moreover,  when  the  animal  is  deeply  etherized, 
the  excitability  of  the  cortical  regions  is  partially  or  wholly  lost* 
Since  the  physical  conductivity  of  the  gray  nervous  substance  is 
mot  impaired  by  the  anaesthesia,  the  loss  of  function  must  be  due 
'io  the  functional  condition  of  this  substance.     More  conclusive  do 
"ihe  facts  appear  to  be,  which  show  that  the  nature  of  the  motor 
:areaction  following  upon  the  appHcation  of  stimulus  to  the  cortical 
^substance  is  peculiar.     Many  observers  have  found  that  a  stronger     t 
stimulation  is  necessary  to  bring  about  the  same  motor  results 
fter  the  cortical  surface  is  removed  ;  this  is  what  wo  should  expect 
>n  the  theory  of  localization,  but  the  reverse  of  what  would  be 
-2^6  if  the  effect  of  the  current  was  transmitted  unchanged  through 
surface.     Then,  too,  Franck  and  Pitres'  have  shown  that  the 
^^ct  of  the  electrical  current  is  retarded  in  the  gray  matter;  the 
Rerence  of  time,  as  dependent  upon  whether   the   stimulus  is 
^Pt>lied  to  the  gray  matter  or  to  the  white  lying  beneath,  being 
lit    0.015  second.     This  interval  must  be  spent  in  evolving, 
er  the  influence  of  the  stimulus,  the  distinct  neural  function 
belongs  to  the  gray  matter.    Finally,  the  excitation  is  appar- 
Lj"  reinforced  in  strength  by  the  functional  activity  of  the  cor- 
substance,  since — as  we  have  just  seen — a  stronger  stimulation 
eeded  to  produce  the  same  result  after  tbis  substance  is  re- 

'  Ferrier,  The  Functions  of  the  Brain,  London,  1876,  p.  133  f. 

»  See  Hitzig  in  Archiv  f.  Anat.,  Physiol.,  etc.,  1873,  p.  402. 

*  Archives  de  physiologie,  1875. 
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iMivi'fl  ;  Hiu'h  rrinforccmcnt  in  the  peculiar  propertj  of  the  cent 

irf^iiiiH. 

ll  MX'iim  (ilivioiiH,  therefore,  that   experimentB 
htiiiiiiliilioii  (if  Wifi  cortical  Hurface  (lemonstrate  a  special 
ln'twrni  rcrtuiii    iiioni  or  Iohh  definitely   eircamscribeil 
Hint  Niirfiicr  Mu\  (l(;fiiiit4i  groups  of  muscles ;   they  also  create 
Htidii^  |)ri'Nuiiiptii)ii  that  thiti  couuection  is  not  merely 
or  Mtriirtiiriil.  Imt  hIho  functionuL 

{{  1(>.  Till*  M'coiid  kind  of  direct  experimental  CTidenoe  is  d^ 
rivctl  from  «>l)N<'rviii«(  tho  rjft'ch  </  extirfMtt'ofi.  It  is  natural 
iiff^iiii  tliiii  thoHo  iin'iiH  of  tho  brain,  the  loBs  of  irhich  is 
1»\  till  I  loNH  or  iliHtiirlmiuM)  of  motion  in  definite  groups  of  muse] 
or  l»v  tlM«  loHs  «ir  iliHiurlMinro  of  any  class  of  sensory  impres8ioci.i 
iin^  fiinrtioiiiillv  r(*1iit«'(l  in  a  |M'cnliiu*  wny  to  such  muscles  or  orgazx^ 
«»f  N«*nNiv  Hut  th«*  application  of  this  argument  is  encompas8e<3. 
i\illi  iiiiiiiv  tlitViculticH.  In  tho  first  place,  it  is  impossible  a."^ 
iwicli  ntu^ti  of  till*  cxiHTiiuoni — which  often  includes  several  da^"^ 
(»r  nioiitlirt  of  olMcrviilioii — h)  know  precisely  what  the  conditiozi. 
of  ilio  lutiiii  is.  i\tst-mortrm  cxiuuination  of  the  brain  reveals  oi 
i\liiit  wiiH  tlio  fnml  rfTfct  of  the  experiment  in  destroying 
linNUi  ^  Tho  riso  iind  fall  of  linral  or  extensive  inflammations^ 
pi-OL;it>-.'4  of  iU'*;cucratiiUi  in  tho  nerve- tracts  and  of  abscesses  resial'^-^ 
iit^'  troiii  i\\v  priinarv  losionH,  etc.,  cannot  be  followed  by  the  e^-" 
pinimiitrr  in  »lrlail.  Nor  can  he  directly  observe  the  formati^^** 
iiitil  i-.luiatiiMi  of  \\\v  tissiio  as  it  is  ctUlod  uix)n  for  an  increase  i'^^ 
llu*  !i mount  ill'  its  foruu-r  functiouit,  or  pi^rhaps  for  the  discharge  ^'^ 
fiuirUiuis  p:u-tial1y  urw.  As  a  rule,  then,  it  is  found  that  tl' 
I'lVivi-t  o(  «-\tup.itiou  chau^t*  fnuu  time  to  time  ;  some  of  them 
of  iunI  uitpoiiaiu'o  i\\\s\  cannot  well  Ih'  overlooked,  and  others 
M«  «U'lir  111*  all. I  niiuuto  as  almost  wholly  to  escape  observatiof^ 
ni»iiii'  r«[v«\til\  p:i>s  a\«a\,  lathers  nK>re  slowly,  still  others 
iu«i  a  I  cill  llu»  JitVioultit's  an\  of  cv^ur»t\  esjiecially  great 
\«o  ti\  Is*  «li  .ll  \Mih  c(TtH.*tsu(vn  tho  animal's  sensory  apparatus 
lu*.  p».\.-l-.u;l  \\.«'.".l  of  S(::s:i:ions  :uul  jvrceptiona.  To  tell  wheth^"^ 
au  ;oi' ■.  ll  Ni .  s  1. 1-  lis,  iVi  U.  smells.  a:;d  tastes,  or  not :  and  to  t^^^ 
p\\\'.-.i '.\  I".  \\\.\'.  sv  v.«ie  It  t  \frcis*'s  thcso  functions — whether,  fc^*^ 
«\.iv  p*..-.  i'.-»  .ii  v.vU».N-\  is  ■■  svUil-bLiiuluess""  in  any  of  its  vario**^ 
»Uv:i\\N  .i»v  •■.,»:  Msks  \\:-.u*li  i:  is  easy  to  perform,  or  about  tl^^ 
i'v.ivA-i  p*  i:\'i'.;'.,iv.vv   y.'f  \\Lu*li  one   can   indulge   in  a  boundle^^ 

r :  A"  V U-  •, ■. • .» V.  s :  !M :  •. \  e  \  -.vl *.•. e  . *  f  I v :  1:  kiiids  of  e xperimental  e video-  ^^ 
r U\- ! r  1  i  i 1 1  v'v.  .1 '.  . i  «  \ : i :  i\i : : ,» : '.     ■. >  :•.: uch  les» ned  b v  the  fact 
it  U  ;hlui^v»s  >i«Lollv  vUii\tJ  frv^iu  ihn  kw^T  *t^»w^^*  * 
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I,  which  few  inTCRtigatoni  dare  even  occasionally  to  dis* 
I,  forbkl  that  the  living  human  brain  should  he  nitule  the 
I  of  nmiJ&r  eiperimcut.  In  order,  thea,  to  di«w  any  aafe 
i  froni  thifl  evidence,  it  iji  oecesairj  uot  only  that  the 
B  of  the  principle  of  localization  in  general  bIiuuIiI  ba  as- 
i.  hot  «lao  tbKt  some  right  ^ouM  be  gained  to  transfer  to 
B  brain  Irotu  tho  map  of  the  cortical  surface  of  the  aui- 
nal'a  bnin,  ibo  no^called  motor  and  eensor;  arena  which  have  been 
del«natDe>)  bj  cxprnmcnL  But  it  is  not  even  in  all  cases  clear, 
lavelady  what  convolutions  or  parts  of  coDvoIutions  of  the  human 
pwbniin  oonvafMiid  to  those  previouslv  marked  out  on  the  brain 
id  lb*  MJwl.  ItloreoTrr,  in  the  effort  to  make  aoj  such  transfer- 
■BOD  at  tbeaiyiUBeut  from  thu  animals  to  man,  wo  meet  ugaiu  with 
Ab  in«tpcnb]o  difficulty-  of  forming  a  correct  mental  picture  of 
A*  payehicBl  Ufu  of  tlio  antmalH. 

1 17.  Tba  eviJcneo  from  human  jiathiitagy  for  Iho  localization  of 

MmbnU  fonctioit  has  a  peculiar  value  ;  but  it  has  also  its  peculiar 

|iiii1m  iilil  dniigvrs.     Such  evidence  is  free,  indeed,  from  the  ob- 

fm^iaim  whleli  Briw  against  all  attempts  to  carry  the  argument  over 

bDn  Um  canbrsl  faamiHiiheres  of  the  lower  animals  directly  to 

tboas  at  man.     Natan  uid  human  intercoune  are  less  kind  to  this 

wondetfnl  nuwa  of  n«rve-cells  and  nerre-fibre!!  than  the  flcutn'>deB 

■id  knife  of  the  pbjaiologist  are  compelled  to  be.     Accident  and 

iamamt  destroy,  oitbrr  niddcnly  or  pnigressively,   the  different 

raa  of  tbe  cortiad  Hubatonoe  of  the  human  brain.     They  have,  in 

mioqa  aan,  ta»d«  such  a  variety  of  attacks  npon  it  as  lo  cover  all 

tW  a*m0  of  both  bnnixpherM.     If,  then,  we  had  a  large  collection 

'4  cMes  in  which  tbu  Imiona  went  deAnilely  circumscribed,  or  the 

rniKiuw  wade  by  the  destruction  of  tissue  was  acciimlcly  recorded 

ti>  atcTT  Btagw  \  and  if  wo  bad  also  a  corrrspondiiigly  d<i{init«  and 

wnmlii  deacripLiim  nf  the  motor  aud  sensory  disturbances  occa- 

WMd  }fj  tlMtao  liiions,  we  might  pfirliapH  be  able  tn  mako  a  tnlcr- 

*Wy  «aiKliHi*ti  iodnetion.     But  Iimmos  of  brain-ltusue,  v>beu  caused 

^Kcidrat  and  disMue,  have  UL<t  the  same  circumscribed  limits 

*Utk  cMi  be  ofaaerted  by  the  knifo  or  nnroding  acid  of  the  pbysi- 

"^P^     Tawiiris  of  tlw  cortical  artioa  entin-ly  free  from  compliea- 

"Wiih  iMiaaa  in  the  au&Bory  and  motor  tracts  below  are  compar- 

'^Ij ksfmiuanL   Caacaof  tutaldi^iitrucltonotanysoKaillcd  "ana" 

*  ^th  ImBiaplwm,  and  of  such  area  alone,  rarely  or  never  occur. 

•ivttennnr*,  il  is  only  by  cari'fid  /MMl-murfcnt  examination  that 

'^  ptOM  axtent  of  the  iiatbological  changes  can  bo  known  ;  thla 

tt.  at    best,   reveals  ninply   the   hut  Ntato  of  the  case. 

<  01  pod-morlen  examinations  are  also,  as  a  rule,  laddsg 
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in  precisioiL  On  the  other  hand,  the  symptoms  of  motor  or  sensory 
disturbance  are  rarely  described,  from  beginning  to  end,  with  suffi- 
cient accuracy  of  detail  to  be  of  great  service.  Many  large  losses 
of  cerebral  substance  are  followed  by  no  sensory  or  motor  disturb- 
ances which  can  be  distinctly  traced.  In  large  numbers  of  cases 
where  such  disturbances  arise,  they  in  time  pass  almost  or  quite 
wholly  away.  For  these  and  other  reasons  the  best  evidence  at- 
tainable from  pathological  cases,  when  collected  and  sifted,  appears 
surprisingly  confusing  and  self-contradictory.  Pathology  has,  there- 
fore, furnished  the  common  fund  of  cases  from  which  the  most  di- 
verse and  even  contradictory  theories  have  drawn  at  sight  their  stock 
of  so-called  proof.  It  has  been  used  as  the  careless  and  false  witness 
upon  which  either  party,  and  all  parties  to  the  suit,  could  call  for 
precisely  the  testimony  desired.  An  increase  of  information  and 
care  on  the  part  of  those  who  have  opportunity  for  ante-  and  post- 
mortem  observation  of  such  coses  will  doubtless,  in  time,  cause 
pathology  to  yield  much  more  assured  results. 

§  18.  The  third  kind  of  evidence  to  which  the  principle  of  the 
localization  of  cerebral  function  may  appeal  comes  from  compara- 
tive anatomy  and  histology.  Comparative  anatomy,  however,  gives 
us  evidence  of  only  the  most  general  kind.  Combined  with  exper- 
iment by  electrical  excitation,  it  shows  that,  on  the  whole,  the 
higher  the  structure  nnd  intelligence  of  the  animal,  the  more  nu- 
merous and  more  definitely  marked  are  the  "  excito-motor  areas  " 
which  may  be  discovered  on  the  hemispheres  of  its  brain.  ^  Only 
traces,  as  it  were,  of  such  areas  can  be  found  upon  the  cerebitl 
hemispheres  of  the  frog  or  the  pigeon  ;  only  a  few  areas  can  be 
doubtfully  pointed  out  for  the  rat  or  guinea-pig.  The  indications 
are  clearer  and  more  numerous  of  localized  cerebral  function  in 
definite  centres  of  the  brains  of  the  rabbit  and  the  sheep.  But  it 
is  in  dealing  with  the  cerebral  convolutions  of  the  more  highly 
specialized  brains  of  the  dog,  and  particularly  of  the  monkey  or  the 
man-like  ape,  that  the  proofs  of  the  theory  become  most  abundant 
Willie,  then,  the  argument  from  all  the  other  animals  to  man  is 
uncertain  and  should  be  used  only  with  great  caution,  the  general 
drift  of  comparative  anatomy  encourages  us  to  place  the  greater 
confidence  in  it,  the  more  nearly  the  brain  of  the  particular  animal 
from  whoso  case  wo  wish  to  draw  the  inference  resembles  the 
brain  of  man.  At  the  same  time,  the  rash  confidence  with  which 
Uie  brain  of  the  monkey  has  been  mapped  out  in  detail,  and  human 
pathology  thereupon  ransacked  with  the  purpose  of  finding  some 
waniuit  for  copying  this  map  upon  the  brain  of  the  human  species^ 
cannot  be  too  carefully  avoided. 
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HisiologyBiii^lementB  and  confirms  the  other  evidence  by  show- 
ing that  the  structure  and  connections  of  different  parts  of  the 
cerebrum  are  such  as  we  should  expect  them  to  be,  in  case  the 
functions  of  the  parts  were  such  as  experimentation  and  pathology 
seem  to  have  discovered.  The  modem  arts  of  microscopy  and 
photography  have  made  possible  an  increasingly  accurate  knowledge 
of  the  intimate  structure  of  the  brain.  Many  great  difficulties, 
however,  still  remain  in  the  way  of  such  perfection  of  this  knowl- 
edge as  will  make  it  available  as  a  secure  foundation  for  a  theory 
of  the  localization  of  cerebral  function.  At  present  the  histology 
of  Uie  human  cerebral  hemispheres  is  not  in  a  condition  to  take 
the  place  of  a  leader  of  physiological  experiment  and  pathological 
observations.  Its  office  is  still  rather  that  of  rendering  supple- 
mentary evidence  in  correction  or  confirmation  of  the  evidence 
from  the  other  two  sourcea  Thus,  for  example,  if  Gliky*s  belief 
that  he  traced  the  nerve-tracts  from  the  so-called  motor  centres  of 
the  cerebral  hemispheres  as  they  bend  around  the  striate  bodies 
and  run  into  the  crusta  of  the  crura  cerebri  should  be  demon- 
strated, this  fact  would  constitute  an  item  of  confirmatory  evidence 
furnished  by  histology  to  experimental  physiology  and  pathology, 
in  favor  of  their  general  theory. 

§  19.  According  to  the  foregoing  view  of  the  nature  of  the  three 
kinds  of  evidence  available,  it  would  seem  that,  in  collating  and 
estimating  the  combined  proofs  from  them  all,  the  following  course 
of  inquiry  should  be  pursued.  The  indications  of  experiment  upon 
the  cerebral  hemispheres  of  the  animals — especially  of  those  most 
closely  allied  to  man  in  their  cerebral  structure — by  the  two 
methods  of  stimulation  and  extirpation,  must  first  be  gathered  and 
carefully  weighed.  Only  those  conclusions  uj)on  which  the  two 
methods  are  found  to  yield  substantially  the  same  results  should  be 
selected  for  further  testing.  The  instances  of  localization  of  cere- 
bral function  thus  detected  in  the  other  higher  raammals  must 
then  be  allowed  to  suggest  to  pathology  the  questions  it  should 
undertake  to  answer  with  reference  to  man.  In  other  words,  ex- 
perimentation with  the  other  animals  suggests  and  strengthens  the 
hypothesis  which  human  pathology  must  try  to  satisfy.  But  in 
undertaking  to  test  such  hypothesis,  pathology  must  be  both  fair 
and  comprehensive  in  its  observations.  All  the  accessible  j^atho- 
logical  cases  must  be  sifted  and  those  only  selected  to  bring  for- 
ward as  evidence  which  have  the  definite  nature,  and  have  received 
the  careful  examination  recorded  in  detail,  that  are  necessary  to 
niake  them  of  real  value.  The  eoiTective  or  confirmatory  evidence 
of  histology  must  then,  so  far  as  possible,  be  summoned  to  aid  in 
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forming  our  final  conclusions.  It  is  not  until  all  the  Idnds  of  proof 
unite  with  a  large  and  substantial  agreement,  if  not  with  an  abso- 
lute uniformity,  that  we  can  feel  the  utmost  confidence  attainable 
in  our  results.  If  it  be  found  that  certain  regions  of  the  cerebral 
hemispheres  of  the  higher  animals  are  the  only  ones  to  respond 
when  stimulated  with  moyements  in  definite  peripheral  parts  of  the 
body,  and  that  the  injury  of  those  same  central  regions  alone,  or 
chiefly,  causes  motor  and  sensory  disturbances  in  the  same  periph- 
eral parts ;  if  it  also  be  found  that  lesions  of  the  corresponding 
regions  of  the  human  brain  are  alone,  or  chiefly,  followed  by  similar 
motor  and  sensory  disturbances,  and  that  lesions  of  other  regions 
alone  are  rarely  or  never  followed  by  these  same  disturbances ;  and, 
finally,  if  it  be  found  that  these  same  cortical  regions  have  in  the 
human  body  a  special  anatomical  connection  with  these  same  pe- 
ripheral parts  ;  then  we  have  reached  the  most  condusiye  evidence 
attainable  for  a  theory  that  the  cerebral  functions  are  localized  io 
the  case  of  man.  But  precisely  what  is  meant  by  such  *'  localiza- 
tion "  may  still  remain  more  or  less  a  matter  of  dispute.  We  con- 
sider now  a  summaiy  of  the  evidence  according  to  the  foregoing 
principles 
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i  LOOAUZATION  OF  CEREBRAL  FUNCTION.     [OasriNCBD.] 

I  aUeiDpting  io  make  on  inductiou  troia  nil  the  three  kinda 
t  wfakb  may  be  adduced  in  answer  to  the  queatioD. 
r  Um  diflereat  functiona  of  the  ccrobnU  cortex  tiavo  speoltd 
B  to  its  differvnt  loculitiea,  no  utLtr  difficulties  ure  on  tho 
«Me  ao  gnsBt  kb  Uiomc  which  come  from  ao-calletl  "  negative  caaee." 
llcaK  iMgBtira  caan  forca  tlio  inquirer  to  undertake  n  detiulcd  ex- 
pacimental  aoiI  patl>ological  ftxamtnation.  "  That  the  cort«x  of  the 
«nbnUD.  tliD  undoubted  material  substratum  of  our  mental  opent- 
liao^'  Mjrs  Ecker,'  "  ia  not  a  single  organ,  which  ta  brought  into 
flaj  as  a  wbole  id  the  exercise  of  each  and  every  pejchical  function, 
hot  miHBatB  ntlwr  of  a  multitude  of  mental  organs,  each  of  nhich 
ia  anbOTrrwnt  to  cvrtatn  inl«ll<«tuiU  prucesaea,  is  a  conviction  which 
lams  itaaU  upoD  ua  aUnost  with  the  necesKit;  of  a  chiim  of  reason." 
B«t  mwn  the  proposition  that  the  brain  is  the  "  material  substratum 
o(  osr  tBCBtal  opentionm"  ia  very  far  indeed  from  having  the  cluu'- 
artar  o(  a  ntiotul  uceeauly.  The  further  proposition  that  the  cor- 
lis  ol  tlMt  acmbnun  **  conaiata  of  a  muKilude  of  mental  organs,"  is 
aa  inadaqBata  atatement  of  a  conclusion  which,  at  the  very  beat, 
«a  «a&  adopt  ooljr  aa  Um  result  of  n  long  seriea  of  complex  and  con- 
In  fact,  oonsidcrable  nruas  of  tho  cortical  sur- 
t,  Nol  to  have  any  immediate  relation  to  any  pay- 
itiuo  wbatoTtr. 

t  gaoera]  principle  to  be  admitted  in  all  atlempta  at  a 

"     '  '    t  of  oerabral  function  is,  then,  of  a  nega- 

Thia  principtc  ia  baaftd  upon  tho  negative  results 

I  inquiry.     Considerable  areas  of  tho  cortical  MUr- 

1  with  motor  ootivt tics  when  stimulated.     Con- 

I  of  the  cortical  substance  may  be  extirpated  or 

t  without  tho  destruction  or  appreciable  diaturhautM 

ry,  or  mon  purely  inU-llertuol  functiona     To 

g  extent  ia  this  true  oa  to  throw  toinpornry  doubt 

•  wbola  Uwory  of  tlie  localization  uf  ucrebnd  fuuo- 

isaftba  nuaua  Bntu,  |i   I      LutiUuU,  18T3. 
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Hon,  but  eyen  over  the  statement  that  the  cerebral  cortex,  as  a  whole, 
is  the  only  **  material  substratum  "  of  mental  operationa 

§  2.  Attention  has  already  been  called  (Chap.  L,  §  11)  to  the  fact 
that  Longet,  Flourens,  and  other  great  physiologists,  considered 
the  cerebral  hemispheres  to  be  active  as  a  whole  in  all  their  func- 
tions, and  this,  partly,  because  they  found  them  not  irritable  by  the 
electrical  current  The  discovery  of  Fritsch  and  Hitzig  in  1870  de- 
monstrated that  a  part  of  the  hemispheres  of  the  dog,  and  a  part 
only,  gives  signs  of  being  excited  by  the  application  of  stimidua 
This  part  they  called  **  motor,"  and  located,  in  general,  in  the  fore 
part  of  the  hemispheres ;  behind  lay  the  region  called  *•*  non-mo- 
tor," because  it  gave  no  response  on  being  stimulated.'  Even  with- 
in this  so-called  **  motor "  region  the  early  researclbes  of  these  in- 
vestigators pointed  out  only  five  spots  of  a  small  fraction  of  an  inch 
in  diameter  (the  electrodes  were,  as  a  rule,  separated  not  more  than 
2-3  mm.)  that  could  be  more  definitely  related  to  the  movement  of 
certain  groups  of  muscles  ;  between  and  around  these  spots  lay  the 
much  larger  areas  of  negative  result  Subsequent  experiments 
added  a  few  more  such  irritable  areas  to  the  map  of  the  cerelval 
hemispheres  of  the  dog.  A  large  number  of  so-called  centres,  cover- 
ing an  increased  amount  of  the  cortical  surface,  have  been  pointed 
out  by  Ferrier  and  others  on  the  cerebral  hemispheres  of  the  mon- 
key. Fully  half  of  this  number,  however,  cannot  be  regarded  as 
having  anything  like  a  demonstrable  character  ;  and  much  fault  has 
justly  been  found '  with  many  operators  upon  the  brains  both  of 
monkeys  and  of  dogs,  for  their  lack  of  precision  in  experiment,  and 
haste  in  drawing  conclusions. 

Experiments  in  extirpation  also  show  that  considerable  areas 
of  the  cortical  substance  may  be  removed  without  perceptibly  im- 
pairing any  of  the  motor  or  sensory  functions  of  the  animaL  In- 
deed, even  when  the  loss  of  the  cortical  substance,  thus  artificially 
produced,  extends  over  almost  an  entire  hemisphere,  or  over  a  large 
portion  of  both  hemispheres,  the  operation  may  not  result  (in  the 
case  of  the  dof^,  ordinarily  does  not  result),  in  the  permanent  and 
complete  loss  of  any  specific  function,  motor  or  sensory.  So  true  is 
this  that  one  eminent  observer,  Goltz,  has  maintained,  on  the  basis 

»  Archiv  f.  Anat,  Physiol.,  etc.,  1870,  p.  311. 

'  See,  for  example,  Munk's  strictures  of  Ferrier,  Ueber  d.  FonoUonen  d. 
Groflfibirnrinde,  Berlin,  1881,  pp.  14  ff.  (also  p.  6  f . ;  86  f. — **  roh  tear  openrtf 
roh  beobachtitf  roh  ge^chlo^acn  ").     On  the  other  hand,  the  charge  of  carel 
ness  in  experiment,  and  of  illogical  conclusions,  is  freely  made  against  M 
himself,  both  by  advocates  of  rival  theories  of  localization,  like  Dr.  Teo  ani 
'others,  and  also  by  opponents  of  all  theories  of  localization,  like  Golti, 
and  others. 
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8  in  estirpotion,  thai  it  is  chiefly  the  quanti^  of 
BCe  destroyed,  is  large  moosure  irrespective  of 
I  dflterminPH  thu  nnture  nud  cxteut  of  tlie  rciinlt- 
trbances.  The  urguiueut^  of  Goltz  {a&  bo  him- 
9  not  answer  those  urged  fur  a  certain  kind  and  de> 
f  cercbml  function.  But  hia  expcrinieDta 
B  number  of  facta  whicli  eui]iliiifiize  t}iti  uogulive  ckar- 
j  of  tbe  resulta  of  experiment.  This  fact  ia  in  itaeU 
onUe  to  BLoy  theory  which  would  map  out  the  en- 
M  into  Ro-cdUed  amtrai  or  anon,  to  be  couaidcred 
a  of  particular  psychicai  proceaaeti. 
BvgiitiTe  eTtdence  from  certain  caeea  in  human  pa> 
it  more  aatonishing  nnd  pei-plexiiig.  At  lirat  sight  it 
I  the  cunduaiou  that  the  mind  cnii  dispi-use,  with- 
•„  with  a  cODsiderablo  mass  of  brain-substance,  do 
it  re^n  it  be  nihtrocted.  Many  caaes  of  large  le- 
tl  hemiapheres  in  man,  with  no  resulting  disturb- 
al  fanrtiona,  arc  recorded.' 
«  Carpi  tella  of  n  young  man  who  hail  a  foreign  body 
ra*  breadth  square  driven  into  the  substance  of  his 
I  buried.  Much  of  this  Bubstance  was  lost  when 
<f  wu  removed,  and  more  yet  some  tliirteeu  ilnys 
Ids,  ihtt  patient  lived  for  u  long  time  in  the  enjoy- 
Ihia  ftMrnllias. 

■  aoqnUDted  with  an  army  officer  who  had  Uist,  by  a 
•  pazutal  region,  a  large  quantity  of  hmju-substance ; 
il  iDoataDy  vivacious  and  showL-d  uo  other  nwult  of 
D  a  toudowy  to  grow  tired  enaily.  The  aame  authority 
*  tfaa  eoMo  of  an  Itahnn  «rh<i>io  skull  wiw  crushnd  in 
il  rttftiou  by  a  atone.  8o  much  uf  tlie  (mbutanco  of 
I  on  the  wound  being  dressed,  and  siibsequeutly 
m  lua  bed  (ou  tlie  eighteenth  day)  and  through 
Llut  thirty-fifth  dayX  that  Uio  atti-udant  phyaiciau 
B  lestoo  Oiual  have  reacheil  down  nearly  to  ttie  coi'pua 
,  Imwnnr,  lir(^d  without  nny  apparent  impuir- 
J  foDctiona ;  but  wu  note  iu  thin  caae  a  permanent 
«  o(  tbo  Uft  aide. 


IKafHeheiMa  In  r«rri«,  tba  LoeaHultMi  otOenbral  DtfMM, 
Jbtr  9S  ft;  Herawnn,  Oudb.  d  rbtalol..  II.,  II ,  iip.  3»3  (t.; 
■  ubar  riitiioL,  a.  p.  57  f.  wiitt],  l^M  ;  uil  tba  work* 
FMar,  wiwrlall;   Pltm,  LMoiw  du  oeatr*  otsIp,  Ptri*. 
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A  remarkable  case  is  narrated  by  B^rOcke,'  on  ihe  anihonfy  of 
a  certain  Dr.  Eratter.  By  a  blow  from  a  stoneon  the  pariotil 
region  of  the  skull,  one  Ivan  Mussulin  was  thrown  to  the  ground ; 
'  but  within  two  hours  he  recovered  so  that  he  himself  went  to 
the  "  praetor "  and  entered  complaint  against  his  assailant  For 
twenty  days  he  lived  in  apparently  full  possession  of  his  powers 
of  motion,  sensation,  and  intelligence  ;  on  the  twenty-first  day  he 
suddenly  died.  The  entire  left  cerebral  hemisphere  was  found  on 
examination  to  be  a  disorganized  mass.  It  is  to  be  noticed,  how- 
ever»  that  the  autopsy  did  not  take  place  until  some  eighteen  honn 
after  death,  and  that  we  have  no  good  means  of  judging  what  the 
condition  of  the  injured  hemisphere  was  during  the  twenty  days 
preceding  his  sudden  death. 

Remarkable  instances  of  defective  brains  are  also  on  record ;  for 
example,  the  case  which  Lallemand  narrates  of  a  person  of  normal 
psychical  constitution  in  whose  cerebrum  the  entire  place  of  the 
right  hemisphere  was,  after  death,  unexpectedly  found  to  have 
been  filled  with  a  serous  fluid.  Here  again,  however,  there  had 
been  lameness  of  the  left  side  of  the  body  from  birth. 

Extensive  lesions  without  marked  motor  or  sensory  disturbances 
occur  by  far  most  frequently  in  the  frontal  lobes  of  the  cerebral 
hemispheres.  Yet  similar  negative  cases  are  by  no  means  infre- 
quent also  in  the  occipital  and  temporo-sphenoidal  lobea  Trous- 
seau narrates  the  case  of  an  officer  who  was  shot  through  the  head 
in  the  middle  of  the  frontal  lobes,  and  who  showed  until  death, 
which  occurred  from  inflammation,  no  signs  of  any  kind  of  paral- 
ysis. The  work  of  M.  Pitres '  contains  a  large  collection  of  cases^ 
in  which  the  frontal  lobes  have  been  the  seat  of  extensive  disease, 
of  softening,  or  of  abscess,  without  any  symptoms  of  laming  what- 
ever ;  in  most  of  which,  also,  no  disturbance  of  psychical  con- 
dition was  observed.  That  sudden  extensive  lesions  may  occur  in 
this  region  without  inducing  sensory  or  motor  paralysis,  is  shown 
in  a  marked  way  by  the  celebrated  "American  crowbar  casa"' 
By  premature  discharge  of  blasting  powder  an  iron  bar,  three  feet 
seven  inches  in  length  and  one  and  one-fourth  inch  in  diameter, 
was  driven  through  the  brain  of  a  young  man.  The  missile  en- 
tered at  the  left  angle  of  the  jaw,  and  passed  through  the  top  of  the 
head  near  the  sagittal  suture  in  the  frontal  region ;  it  was  picked 
up  at  some  distance  of^  covered  with  blood  and  braina     The  pa- 

*  Vorlesungen  iiber  Phrsiol.,  II.,  p.  57. 

*  Losions  du  centre  ovale. 

*  See  the  papi»r  in  the  Am.  Journal  for  Med.  Sciences,  bj  Dr.  Bigelow,  Jalj» 
1850,  and  the  one  read  before  the  Mass.  Med.  So.  bv  Dr.  Harlow,  Jane,  18fl& 
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fient^  dNhoB^  ^lor^hB'iHMBHA  AhmbS,  ivwtcii'oil  in  &  few  min- 
utes so  as  to  ascend  a  flight  of  stairs  and  give  to  the  surgeon  an 
intelligible  acooont  of  his  injury.  He  lived  twelve  and  a  half  years 
afterward,  with  no  noticeable  impairment  of  his  sensory-motor 
powers.  Examination  of  the  skull  showed  that  the  substance  de- 
stroyed by  the  bar  must  have  been  confined  to  the  frontal  region, 
with  the  possible  exception  of  the  tip  of  the  temporo-sphenoidal 
lobe. 

Boyer  narrates  the  case  of  an  epileptic  child,  that  showed,  how- 
ever, no  other  abnormal  nervous  phenomena,  whose  entire  temporal 
lobe  on  the  left  side  was  found  to  have  been  destroyed.  Instances 
of  extensive  lesions  in  the  occipital  lobes,  without  any  resulting 
sensory  or  motor  disturbances,  might  also  be  given. 

§  4.  It  must  be  confessed,  in  the  words  of  Exner,*  that  the 
understanding  of  cases  of  this  sort  '*  is  made  more  difficult  rather 
than  easier  by  recent  researche&"  Nevertheless,  a  large  amount  / 
of  concurrent  testimony  from  all  three  main  sources  of  evidence 
proves  that  some  theory  may  be  framed  in  acknowledgment  of  a 
more  definite  localization  of  cerebral  function.  Such  theory  can 
be  most  clearly  established  with  respect  to  the  cerebral  region 
especially  concerned  in  the  motor  functions.  This  region  is  the 
one  lying  about  the  great  central  fissure,  or  fissure  of  Rolando ;  >« 
more  precisely  still,  it  embraces  the  gyru8  centralis  anterior,  the 
gyrus  centralis  posterior^  and  the  prolongation  of  the  two  on  the 
median  surface  of  the  brain  in  the  lobulus  paracentralis,  (Comp. 
Figs.  87  and  88).  More  definite  localizations  still,  of  smaller  re- 
gions within  the  larger  one—e.  g.,  for  the  upper  limbs,  for  the  lower 
limbs,  for  the  separate  fingers,  etc. — are  more  doubtful ;  they  can 
by  no  means  appeal  to  the  same  amount  of  evidence  as  that  at  com- 
mand of  the  more  general  induction. 

§  5.  The  evidence  from  experiments  in  stimulation  indicates  that 
we  are  to  look  for  the  so-called  "motor  areas"  in  the  above-mentioned 
convolutions  about  the  fissure  of  Rolando.  The  original  experi- 
ments of  Fritsch  and  Hitzig '  located  the  five  motor  areas  as  fol- 
lows :  The  centre  for  the  muscles  of  the  neck  (marked  A  in  the 
figure)  in  the  middle  of  the  prse-frontal  gyrus  at  the  spot  where  its 
surface  falls  off  steep  ;  the  centre  for  the  extensor  and  adductor  of 
the  fore-limb,  at  the  outermost  end  of  the  post-frontal  gyrus  in  the 
region  near  the  end  of  the  frontal  fissure  (-f  in  the  figure);  the 

'  In  Heniuuin*s  Handb.  d.  Physiol.,  II.,  ii.,  p.  334. 

■  See  ArchiT  f.  Anal,  Physiol.,  etc.,  1870,  p.  312  f.;  comp.  Taf.  IX  B.  by 
Hitzig  in  the  nine  Arohiv  for  1873,  from  which  the  accompanying  figure  is 
taken. 
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centre  for  the  bending  and  rotation  of  the  Mine  liml^  a  Mttls 

brther  back  (+  in  the  figuie) ;  the  centre  for  the  hind-limb,  ia 
the  post-froaUl  gyrxu  bnt  to- 
ward the  median  line  of  th« 
hemisphere  find  back  <rf  the 
preceding  two  centree  (#  in 
the  figure) ;  the  facial  centre, 
in  the  middle  port  of  the 
gjTus  lying  above  the  fiaame 
of  Sylriaa  (-^-O  in  the  figure). 
Tbeae  experimenters  found 
also  that  the  musclee  of  the 
back,  tail,  and  abdomen,  wera 
excited  to  ccaitrHction  hj 
atimtilatiiig  points  lying  be- 
tween those  marked  as  above; 
but  they  could  not  definitely 
circumscribe  the  cortical  areai 
'  which  were  to  be  assigned  to 
■  tbeae  musclea. 
i  By  reference  to  the  chart 
o[  the  numerouB  "  centres  of 

electrical  irritation  "  which  Fcrrier  '  claims  to  have  discovered  on  tha 

cerebral  hemispheres  of  the  monkey,  it  will  be  seen  that  they  are  set 

cloue  together  in  the  two 

central       convolutions 

{g'jri    cenlralet,    called 

by  Ferrier  the  "  nscend- 

iog  frontal"  and  "as- 
cending porietnl ")  and 

in  the  immediately  ad- 
joining   parts    of    the 

frontal    and    teniporo- 

sphcnoidal        con 

tions.     Thus,  the 

tres  (2.  in  part),  (3),  {4, 

in  part),   (5,  in  part), 

(6),   (7),   (8).   (9),   ona 

(10),  are  located  in  the 

anterior  central  {"ascending  frontal")  convolution;  (2,  in  pa*^""*)' 

(4,  in  part),  {1 1,  in  part),  and  (a),  (b),  (c),  (d),  are  phued  on  the  po^** 
■  SeeTheFimotionaoCthaBnin,  pp.l41fl.,149t,uid80Bt    Londim,  1 

In  the  Mcoud  udition  (18H6),  pp.  34U  ff. 
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mdiog  parietal ")  convolution ;  the  centres  ( 1 2)  nud 

Mateil  on  parU  of  the  superior  tuid  middle  frontal 

mt  to  the  iinterior  central ;  and  (14)  on  thci  su- 

tenoidol  conrolution. 

Vtathmr  Hul  moro  roccnt  infonnation  seems  to  render  the  expori- 

■flnts  io  Om  electrization  of  the  cerebral  areas  of  animals  inoro 

imilabbi  tur  (ue  in  confinuing  the  geut^ol  ar(;uiiieiit  ui  behalf  of 

tna  kioi]  of  localization  of  cerebral  function  in  the  case  of  man. 

ii  ami  Tainbariiii.  na  well  ns  other  cxperiuent«rs,  huvc  n^etnl 

t>  Hitsif  and  Fenior  iu  finding  huiuU,  circuinacribcd  motor  cen- 

I  on  the  oortcx  of  the  dog,  monkey,  rabbit,  and  other  animals. 

t  «xp«rinait(ini  {Bochofontoine  uud  Vulpiiui,  r.y.)   claim   to 

"  \  that  the  miunte  areas,  at  fiitit  excitable,  after  a 

■  to  bo  ao;  uitl  tltat  other  areas,  at  first  not  excitable, 

i  become  esciliiblB — llist  in,  a  displncomenl  uf  the  excit- 

•  peiota  take*  place. 

eentl;  atiU,  it  has  apparently  been  dittcovonHl '  that  Ex- 
r"*  Tie*  <to  be  ex|ilainoit  auluteijiiciiLly]  of  thn  t>xiBt«nco  of  "  ab- 
•  "  and  "  rclatiTe  "  motor  fields  in  the  case  of  omii  is  probably 
t  to  the  animaU  also.  I'oneth  found  that  »  number  of 
a  (or  i^iola)  for  tku'K  ont<  of  Uie  iwveml  grou{]s  of  muac'lea 
I  l»  datMted  aa  lying  in  the  larger  "  excitable  eoue  "  of  the 
Tbeaa  araaai  unlike  Uie  imme<lintely  surrounding  ones, 
I  1m  «xeit«d  when  ru/  anmnii,  but  nut  when  aiil  httnmlk  ;  the 
BnB  irtwae  fUDOtioQ  it  ia  to  bring  a  definite  group  of  muscles  to 
aattrmttkm  lani  then  to  procwd  directly  from  thnw  rortitvil  spots 
to  dw  tmnr  parta  of  the  lumn.  A  number  uf  suoh  belong  to  each 
■■■d*  excitable  ;  but  only  two  general  "  fiekla  "  are  distinguish- 
akia,  wttUa  wldeb  all  the  hwUtud  motor  xpat*  are  located  :  one 
Irid  ia  fie  Hn  fjimmiltm,  the  other  for  the  uHdnilara  jntp^rarum. 
1W  hrmer  ta  dituntnl  in  the  ponlerior  division  of  the  gyrua  su^ 
mmdem^  The  minute  arcaii  fur  tbe  dUTcrvnt  muadm  uf  tlio  ai- 
iHaMaa  an  abarplj  bmited  ;  they  do  not  wholly  cover  each  other ; 
mi  Ihnari  lor  anyapeeia]  muacle  (the  ertrnivtr  digitorumol  the  fore- 
hot,  ate.)  arc  of  auall  extent  in  ivitipnriiicn  with  the  tield  or  zone 
«Ueh  nuy  b*-  Wikeil  on  aa  eoiomon  to  aB  the  extremttiea  The 
ttritabUitT  of  tbn  dLOeniut  muactca  ia  Dot  all  alike  ;  tbia  {^netb  ez- 
pUaa  br  ■nnming  that  the  uunibvr  ol  berre-alemanta  nMJgpeH  to 
mAUtOL  aUke. 

nawala  ta  txlirpaHan  confirm,  at  laaat  in  a  general  war, 
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the  above-mentioned  results  of  experiments  in  stimulation.  The 
destruction  of  the  substance  of  those  cortical  areas  which  respond 
to  the  current  of  electricity  with  the  co-ordinated  movement  of  def- 
inite groups  of  muscles,  causes  a  temporary  or  permanent  impair- 
ment of  the  functions  connected  with  the  same  groups  of  muscles. 
In  their  first  report  Fritsch  and  Hitzig  called  attention  to  certain 
experiments  of  their  own  in  removing  from  the  cerebral  hemispheres 
of  two  dogs  the  nervous  substance  of  the  centre  which  had  already 
been  fixed  upon  by  them  as  that  for  the  "  right  fore  extremity " 
of  the  animal  These  experiments  they  found  confirmatory  of  tiie 
views  derived  from  stimulation.  The  animals  operated  upon, 
when  sitting  or  standing  or  running,  used  the  right  fore-leg  un- 
skilfully ;  this  part  of  the  body,  however,  showed  no  marked  dimi- 
nution of  sensibility  under  hard  pressure.  Other  observers  have 
since  performed  many  similar  experiments  ;— especiaUy  Ferrier  on 
monkeys,  and  Goltz  and  Munk  on  dogs.  Among  them  all  no  oth- 
ers are  so  carefully  refined  as  are  those  of  Munk.*  But  the  veiy 
refinement  of  these  experiments  subjects  them  to  more  of  distrust; 
in  certain  particulara 

§  7.  The  earlier  experiments  of  Munk  were  confined  to  the  convex 
surfaces  of  the  parietal,  occipital,  and  temporal  lobes  of  dogs ;  they 
consisted  in  removing  clean-cut  circular  bits  of  the  cerebral  sub- 
stance about  three-fifths  of  an  inch  in  diameter  and  one-twelfth  of  an 
inch  thick — sometimes  simultaneously,  from  the  symmetrical  areas 
of  the  two  hemispheres,  and  sometimes  with  an  interval  between  the 
two  operations.  Munk's  general  conclusion  is  stated  as  follows : 
If  a  line  be  drawn  from  the  terminal  point  of  the  fissure  of 
Sylvius  vertically  toward  the  falx  cerebri,  it  will  mark,  approxi- 
imately,  the  limits  of  two  spheres  that  are  sharply  distinguished 
experimentally — namely,  an  anterior  motor  and  a  posterior  sensory 
sphere.'  Extirpations  in  front  of  this  line  always  occasion  dis- 
turbances of  motion,  those  back  of  it  never  so.  More  precisely, 
the  cerebral  convolutions  of  the  dog  may,  according  to  Munk,  be 
mapped  out  into  the  several  spheres  and  regions  indicated  in  the  ac- 
companying figure  (Fig.  85).  It  will  be  noticed  that  three  of  these 
regions  (namely,  G  for  the  hind  leg,  D  for  the  fore  leg,  and  E  for 
the  head)  correspond  pretty  accurately  to  the  centres  of  stimulation 
fixed  upon  by  Fritsch  and  Hitzig.  Extirpations  of  the  cortical  sub- 
stance in  these  regions,  of  only  a  few  millimetres  broad  and  not 
more  than  two  deep,  are  regularly  followed  by  definitely  localized 

*  See  his  Gesammelte  Mittheilangen  aus  d.  Jahren  1877-80,  in  the  book, 
Ueber  d.  Funotionen  d.  Grosshirnrinde.     Berlin,  1881. 
«Munk,  ibid.,p.  11. 
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m  of  motioa.    For  exaiuiilo,  let  the  region  (D)  be  removed 

D  Ivft  oerebmt  hetnispherci  ot  a  dog.  At  the  end  of  rroiii  three 

9  fin  da^a  hiuI  aft«r  the  ferer  from  the  operation  has  auhsided, 

J  plieoomena  conneeteil  with  the  fore-leg  of  the  opposite 

*  wiU  be  utiaerveiL     If  any  other  limb  of  the  animal  thim  the 

^t  km-]^  be  touched  lijjhtly,  the  dog  will  look  quickly  around ; 


l'K%~4tH>*a  iWBnta  ((Ik.  Doc. 


1  if  of  a  bail  temper  wiU  trj-  to  bite  tbe  ofTcnding  hand.     He 

B  ako  quick)  V  vitbdniw  an;  other  limb  when  it  ta  eabjoctod  to 

I  vny  alii^it  prwHore.     But  hanl  prf«um  and  pinching  or 

K  of  tbv  ni^rA/  for»-leg  ta  either  followod  by  no  T«Hult,  or  else 

rsitbdrawml  of  llwlimb,  as  though  in  reflex  motion,  without 

by  etiaBttoa  bung  paid  to  tbe  attaelc     Moreover,  tbia  pertiiruhu 

e  all  tbe  otbere,  oaa  be  put  iuto  unnatural  and  uaoom- 

■iliuiis — can  ba  bmt,  atratched,  aet  on  the  ground  with 
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the  back  of  the  foot  down,  etc. — without  any  resistance  on  the 
animal's  part  or  any  apparent  disposition  to  remove  it  to  the 
normal  and  comfortable  position.  According  to  Munk,  the  animal 
has  apparently  lost  all  mental  picture  of  this  one  limb,  and  there- 
fore aJl  power  to  move  it  intelligenUy  and  voluntarily.  If  he  has 
been  accustomed,  on  call,  to  put  the  right  leg  into  his  master's  hand, 
he  will  now  respond  with  the  left  instead  of  the  right  foot  to  the 
same  calL  The  dog  no  longer  handles  his  food  with  the  right 
foot  In  running  he  slips  on  that  foot.  If  he  is  drawn  to  the 
edge  of  a  table  and  the  right  leg  forcibly  stretched  out  over  it,  he 
will  allow  the  leg  to  hang  down  thus,  although  evidently  aware  of 
the  dangerous  position  in  which  this  places  him.  Such  an  animal 
can,  however,  still  walk  and  run,  using  all  four  limbs.  The  "  gross 
mechanism  "  of  motion — to  borrow  Munk*s  phrase ' — still  acts  as  it 
did  before  ;  but  the  so-called  '*  cerebral  '*  or  intelligent  quality  in 
the  management  of  this  particular  limb  has  been  lost 

GraduaJly  the  phenomena  which  indicate  impairment  of  cerebral 
function  as  related  to  the  movement  of  the  fore-leg  diminiBh  in 
magnitude.  Less  pressure  is  then  necessary  to  secure  the  with- 
drawal of  the  injured  limb  ;  the  dog  is  less  surprisingly  unakilfol 
in  its  use.  At  the  end  of  four  or  five  weeks  the  more  mariced 
symptoms  of  his  loss  of  function  have  probably  disappeared ;  at  the 
end  of  eight  or  ten  weeks  it  may  be  difficult  or  impossible  to  dis- 
tinguish his  movements  from  those  of  a  perfectly  sound  g^nim^l. 
If,  however,  the  size  of  the  pieces  of  cerebral  substance  taken  from 
any  of  the  so-called  '*  motor  regions  "  be  somewhat  larger  than  that 
indicated  above,  recovery  is  slower  and  more  imperfect  In  the 
opinion  of  Munk,  if  the  extirpations  are  considerably  enlarged  the 
restitution  of  function  is  never  complete. 

g  8.  That  explanation  of  the  phenomena  which  regards  the  va- 
rious cerebral  regions,  that  seem  somehow  specially  connected  with 
motor  activities,  as  true  "  motor  centres," — that  is,  as  areas  of  the 
cerebral  cortex  that  have  for  their  peculiar  function  the  initiating 
of  definite  motor  impulse  on  occasion  of  the  idea  and  volition  to 
move  definite  portions  of  the  periphery  of  the  body, — is  rejected 
by  Munk.     All  the  regions  marked  C — J,  belong  rather  to  what  he 
calls  the  *' feeliug-sj^here ''  of  the  cerebral  hemispherea     It  is  an 
undoubted  fact  that  the  definite  co-ordination  of  the  limbs,  from  the 
higher  cerebral  centres,  depends  upon  feelings  of  contact  and  press- 
ure of  the  skin,  and  upon  muscular  feelings  or  so-called  feelings  of 
innervation.     The  effects  of  extirpating  centres  like  ((7),  (D),  and 
(E),  is  due,  therefore,  first  to  the  sudden  loss,  and  subsequentLy  to 

'  Ueber  d.  Funotionen  d.  GrooBhirnrinde,  p.  47. 
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e  grxdiiai  reatiluiioD  of  Uino  feelings,  and  of  their  corrtispoiid- 
iDg  ineatal  representations,  witL  respect  to  given  groups  of  nius- 
des. 

SdiiS '  agrees  with  Manic  in  the  rtevr  tii&t  tbe  ronl  loss  of  function 
due  to  the  extiipation  of  the  above- mentioned  cerebral  regiooB  ts 
senson.-  rather  than  motor  ;  he  considers  timt  thu  impnirmrnt  of  tha 
power  nf  moving  tlicse  parts  is  only  an  expreitsioti  of  the  luss  of  thA 
tgjiM;  uf  touch  in  the  same  parts ;  in  other  words,  it  is  tactile  an- 
asthesia.  He  calls  attention  to  the  significant  fact  that  an  animal 
thus  opemt«d  npon  will  freel^F'  alluw  |iamBitea  and  insects  (u  gather 

rthat  surface  of  the  skin  whose  corresponding  cortical  area  has 
n  removed.     Schiff  also  finds  that  the  use  which  the  liigber  npee 


inoriiKiMniliDi.    lAcoomiiwtaMank.)    Tb«  U 
rt(vi-«ii«  hIb  tba  |«amUiig  djatc- 


I  make  of  their  limbs  for  grasping  the  rounds  of  a  treUis  or  ladder 

In  not  permanent]/  impaired  by  removing  lu  coiisidorable  depth 

a  convolutions  about  the  central  siiIour,  unless  the  trellis  or  ladder 

»  tttmed  at  on  angle  of  60°  to  TO'*,  so  as  l-o  convert  the  nnimnl's 

bralldng  Into  climbing.     Apparently  tbe  animal  cannot  climb  be- 

0  he  is  unable  to  form  n  mental  picture  of  the  next  round  so 

■  to  reach  out  anil  gras])  it.     SchifT  therefore  concludes,  that  "  all 

lotions  are    suppressed  (by  extirpating  the  cerebral  substance) 

^icb,  on  being  excited  by  the  higher  senses,  receive  n  special 

npcrviuon  on  tlie  side  of  cerebral  sense,  in  rehition  to  direction, 

steot,  and  succession."    He  also  asserts,  in  opposition   to  the 

mciusiona  of  Goltz,  that  the  injured  animal  never  recovers  the 

'  See  MQt-«r's  Arcliiv,  xxx.  (I8ti3l,  pp.  312  ff. 
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powers  it  has  once  really  lost ;  in  other  words,  it  is  not  poasihie  to 
extirpate  an j  of  the  centres,  excitation  of  which  produces  a  giyen 
motion,  without  effecting  some  permanent  result 

§  9.  The  conclusions  of  Munk  and  Schiff  undoubtedly  hare  cer- 
tain facts  of  experiment  in  their  favor,  but  they  can  scarcely  be  said 
either  to  cover  all  the  facts  or  to  be  wholly  consistent  with  certain 
particular  ones.  Ooltz  *  agrees  substantially  with  Munk  in  finding 
that  destruction  of  the  cerebral  substance  of  the  frontal  lobe  causes 
the  animal  to  execute  movements  of  the  limbs  of  the  opposite  side 
in  a  coarse  and  unskilful  manner.  He  also  finds  that  the  tactile 
sense  is  temporarily  impaired,  although  by  giving  increased  atten" 
lion  the  animal  is  able  to  feel  the  slightest  touch  on  any  area  of 
the  skin.  Indeed,  deep  and  extensive  lesions  in  this  region  may 
be  followed  by  hypersesthesia.  The  muscular  sense,  on  the  other 
hand,  seems  permanently  to  suffer.  Gk>ltz's  conclusions  are  squarely 
contradictory  of  all  those  which  find  any  permanent  laming  of  any 
muscle  as  the  result  of  even  the  most  extensive  destruction  of  the 
cortical  substance  in  the  so-called  "motor  field."  His  theory  lays 
more  emphasis  on  the  general  impairment  of  intelligence  which  re- 
sults from  removing  any  considerable  amount  of  the  substance  of 
the  "brain,  from  whatever  region  it  may  be  taken. 

A  still  more  recent  investigator*  calls  attention  anew  to  the  facts 
that  an  animal  deprived  of  the  "  motor  sphere  "  cannot  use  the  ex- 
tremities as  hands ;  cannot  hold  the  foot  out  on  call,  or  push  away 
the  hand  by  which  its  chin  is  grasped,  or  stretch  out  the  limb  so 
as  to  grasp  the  dish  containing  its  food.  These  phenomena  imply, 
he  thinks,  some  severance  between  the  organ  of  vrill  and  the  nerves 
which  execute  the  will.  The  motor  centres  are  to  be  limited,  it  is 
claimed,  almost  exclusively  to  the  gyrus  sigmoideus,  and  those  for 
feelings  of  the  skin  and  muscles  to  the  region  lying  above  the  fis- 
sure of  Svlvius. 

On  attempting  to  reconcile  all  the  results  of  experiment  upon 
the  animals  with  one  another,  and  with  the  facts  of  human  pathol- 
ogy, it  must  be  admitted  that  great  difficulty  is  experienced ;  and 
even  more  difficulty  when  the  effort  is  made  to  frame  a  consistent 
theory  which  shall  cover  them  alL  On  the  whole,  however,  it 
seems  obvious  that  a  certjiin  region  or  sphere  of  the  cortex  of  the 
brains  of  the  higher  animals  is  entitled  to  be  caUed  "  motor"  in  a 
special  sense ;  and  that  this  region  corresponds  in  a  general  way  to 

»  See  his  article  in  Pfliiger's  Archiv,  xxxiv.  (1884),  pp.  450  ff. 

'Bechterew,  art.   *' Wie  sind  die  Erscheinangen  la  v^rstehen  die   nach 

Zerstorung  des  motorischen  Bindenfeldes  an  Thieren  aofireten ;  *'   PilQger, 
xxjcv.  (Ibb5),  pp.  137  ff. 


FROM    APOmALS   TO   MAN. 


276 


I  we)  pathology  in<licAt«B  as  itpodaily 
Stiiuukliou  of  various  minuto  area«  in 
f&ie  moveiuent  of  tlcfinite  tausc.W  of  the 
'»  region  in  its  CQlirely,  or  iii  yurl,  is  fol- 
3  hy  »}>ecU]  ilialurliauces  of  the  uiutor  functions  of  the  animal 
B  diaturl>anL*«s  nro  not  of  tlio  kind  which  iudicat^a  bo  much 
g  of  any  particuUr  muscle,  ne  n  loss  of  cm-firol,  laul  so  in- 
IliDigeDl,  quality  iu  reB[>ect  to  Uio  liuudling  of  the  extremities. 
J  prob^l;  imply  more  or  leas  of  ail  those  various  kinds  of  psychl- 
«niid  impoirmdnta  of  ftinc.lion,  Viy  some  one  of  which 
f  the  dilliereut  inveati^utors  are  wrongly  inclined  to  ac- 
a  phenomena  which  they  observe,     Kxtensive  losses  of 
•fance  lu  tb«  molor  region  result  in  tho  loss  of  thoae 
*  and  muscular  sensationa.  bj  means  of  which  the 
m  and  interprets  the  meaning  of  objects,  and  ndnpts 
I  of  ita  Vuiilm  aiTordingly.     They  ulso  Inipuir 
H  tiio  volition  of  the  animal  by  motor  impulses 
CO  inlh  the  Bcnsations  and  imagi.-e  of  motion,  in 
BA  of  the  brain.     Moreover,  such  loss  of  tho 
L,  win  se- percept  ion,  and  skilful  motion,  neces- 
y  Inipltes  tnatts  or  Ivm  of  loss  of  inteltigeuce. 
10.  It  wili  alnyn  Iw  difficult  to  dttatgnate  precisely  what  taa- 
tbo  animal's  ciimplex  sensory-motor  nctiTitiea  drop  out  aa  tho 
i  tlie  removal  of  a  certain  area  of  cortical  eubstauco  from  the 
4  a  dog  or  monki'y  :  and  whether  these  factors  are  exclusively 
f  or  excluaively  motor,  tntbur  Uian  both  sensory  and  motor, 
a  dtratttful  if  eooagli  oan  ever  be  known,  oouceruin^  the  mental 
lit  tine  dog  or  the  inonkcy,  to  determine  coniidcntly  in  this  way 
■  qnesbun  uf  Ute  loealixatiuu  of  jMj-nhi>-pliyHicnl  functions.     Tho 
n  pathological  cases  indicate,  however,  that  in 
ng  g«D«ml  arsa  of  tho  cerebrum — that  is,  the 
i  on  tmtb  ndea  of  the  central  fiaaurv  and   the  lolmluM 
taaapadally  tvncemed  in  both  sensory  and  motor  fao- 
il  aetion  of  the  limlm     Without  luldiiciug  further 
»  from  experiment  upon  other  animola,   we 
ition  of  tlio  evidence  from  Ituman  pathology. 
a  in  ktiinuIiUiou  and  lixtiriMilion  upon  tho 
I  an  Dot  to  be  tmuaferrcd   in    litfo,  aa  a  matter  of 
■  buman  carvbrmu  ;  they  arc  mtlier  to  be  consulted 
»  nature  of  the  <]tiii>tic>na  to  bo  pro|uii»(1  to 
r,  ai>d  u(  tlia  anawara  to  tJii-M  <|Ui.iitiunii  which  are  aoteeft* 
y  probabU. 

~  ■  point  oawanl  our  chief  relianco  mnat  bo  placed  upon 
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Ezner's '  careful  and  scientifically  daasified  inT6Biigation&  The 
method  pursued  by  this  investigator  is  described  at  length  by  him- 
self.* Exner  began,  with  true  German  thoroughness,  by  reading 
several  thousand  cases  of  cerebral  disease  which  had  been  followed 
by  post-mortem  examination ;  the  catalogue  of  works  thus  consulted 
by  him  occupies  more  than  twenty  pagea    From  all  these  caaes  he 


Fxo.  87.— Lateral  View  of  the  Haman  Brain.  (Sobematic,  Bdcer.)  7.  frontal,  P,  pvktaU  0, 
oocipiuU,  and  T.  temporo-sphenoidal  lobes.  8,  flasnre  of  Sytrhw.  with  8^  the  borUontal,  and 
8^',  the  aacending  THmtui ;  C,  Bulooa  centralis ;  A«  anterior,  and  B,  poeterior,  central  oonvohi- 
tions ;  Fl,  ¥%,  F8,  miperior,  middle,  and  inferior  frontal  oonvolutkms ;  fl,  snperiur,  ft,  infe- 
rior frontal  sulci ;  fSL  salens  prscentralis ;  PI,  snperior,  and  PS,  Inferior  parietal  lolmle;  the 
latter,  the  gyrus  supra  nIa^ginali^  and  ^9^  the  gyms  angnlarin ;  ipi,  eolona  interparietalli ;  cm. 
end  of  calloMo-miirgiral  ftiwure ;  OL  OS.  03,  cKxdpital  oonvolations ;  po,  parieto-ooeipital  flanue ; 
o,  transverae,  and  n'2,  inferior  lonfdtudinal  sulcoa;  Tl,  Tt,  T8,  temporo- sphenoidal  coovoln- 
tious;  and  tl,  tS.  teuii^ra  sphenoidal  fissures. 


then  made  a  collection  of  such  only  as  could  safely  form  the  basis 
of  a  scientific  induction.  Tlie  conditions  of  admittance  into  this 
collection  were  as  foUows :  Both  the  history  of  the  disease  and  the 
description  of  the  post-mortem  condition  must  be  trustworthy^  fuU, 

'  Untersuchangen  Qber  d.  Localisation  d.  Fonotionen  in  d. 
d.  Menscheu.     Wien,  1881. 
« Ibid,  p.  6  f. 
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and  anambigaaus ;  and  there  must  have  been  no  other  lesion 
the  one  in  the  cerebral  cortex,  either  elsewhere  in  the  brain  « 
the  spinal  cord,  to  complicate  the  legitimate  inference&     Only 
exceptions  to  the  latter  role  were,  for  reasons  peculiar  to  themsel 
admitted.    Nearly  all  cases  in  which  symptoms  indicative  of  difi 
meningitis  occuired  were  also  excluded.    In  this  cantious  way  ( 


3.— View  of  the  Human  Brain  from  Above.    (Schomfttlr,  Ecker.)    The  letten  have  the 

Mme  reference  Oii  in  the  preo(^linf;  flf^nro. 


red  and  sixty-nine  tcHt-cases  wore  secured  from  the  thousands 

led.     These  test-cases  were  tlien  tabulated  on  tliree  sets  of 

according  to  the  following  methods  of  induction  :    (1)  The 

1  of  negative  cases,  (2)  the  method  of  "reckoning  percent.," 

method  of  positive  cases. 

netliod  of  negative  cases  (if  the  number  of  such  cases  were 
ough)  would  result  in  sliowinpf  wlmt  rep^ons  of  the  cerebral 
eres,  if  any,  are  not  necessiirily  couuected  with  motor  or 
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oensoij  functions — both,  or  either  one  respectiTely.  The  diaris 
constructed  bj  this  method  would,  accordingly,  hare  only  those 
convolutioDS  and  parts  of  conTolutionB  left  blank,  or  nnmarked, 
in  which  no  lesion  had  occurred  that  ma  not  followed  by  some 
given  kind  of  motor  or  sensory  distorbonces.  The  method  of  per- 
centre  was  designed  to  show  the  amount  of  probabilify  that  > 
given  small  area  of  the  cerebral  cortex  will  be  hit  by  disease,  as 
it  were,  in  case  the  lesion  has  been  followed  by  a  given  kind  of 
motor  or  sensory  disturbance.  For  this  purpose  the  entire  but- 
face  of  one  hemisphere  was  mapped  out  into  three  hondred  and 


Bisty-Bcven  quadrilateral  ureas,  all  small  and  yet  of  somewhat  dil* 
fcrcnt  sizes.  As  the  different  selected  cases  were  recorded  by 
painting  the  nrca  of  the  lesions  on  this  set  of  maps,  the  intenmty  of 
the  color  used  would,  of  course,  deepen  in  proportion  to  the  cer^ 
tainty  of  a  connection  between  that  particular  area  and  some  par- 
ticulnr  sensory  or  motor  function.  Thus  a  perfect  black  wonld 
indicate  one  hundred  per  cent  of  cases  in  which  a  given  quadri- 
lateral was  hit  when  a  given  disturbance  of  function  had  followed ; 
pure  white,  nought  per  cent  of  such  cases.  The  third  method  (that  of 
positive  cases)  is  the  one  usually  reUed  upon  to  prove  (?)  the  theory 
of  localization  of  cerebral  function  from  pathology  ;  it  is  jasUy  re> 
garded  by  Exner  as  the  least  conclusiTe,  as  never  tk  itaelf  forming 
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a  basis  for  anything  bejond  conjecture.  Its  principle  is  the  as- 
sumption that  the  region  where  the  lesions  connected  with  certain 
disturbances  are  most  thickly  crowded  together,  is  the  required 
cortical  area  with  its  specific  hmction. 

§  11.  The  result  of  Exner's  comprehensiTe  induction  from  patho- 
logical cases,  as  based  on  all  three  of  the  methods  just  described, 
fixes  almost  beyond  doubt  the  so-called  "  motor  areas  "  of  the  hu- 
man cerebrum.  [For  understanding  Exner's  induction,  consulta- 
tion of  Ecker's  charts,  found  on  p.  276f.,  figs.  87,  88,  and  89,  will  be 
found  helpfuL]  The  field  of  wholly  **  latent  lesions  " — that  is,  of  le- 
sions which  are  not  necessarily  foUowed  by  any  disturbances  of 
either  sense  or  motion— -covers  a  large  part  of  the  surfaces  of  both 
hemispheres ;  it  is  not,  however,  precisely  the  same  for  them  both. 
While  Exner's  collection  of  cases  comprised  67  lesions  of  the  right 
hemisphere,  and  101  of  the  left,  the  absolute  number  of  latent 
lesions  was  the  same  (namely,  20)  for  both  hemispherea  The 
chances  that  a  lesion  of  the  right  hemisphere  will  not  be  followed 
by  any  disturbance  of  function  are,  therefore,  about  fifty  per  cent, 
greater  than  the  chances  that  the  same  thing  will  occur  in  the  left 
hemisphere.  On  the  right  hemisphere  the  entire  surface,  with  the 
exception  of  the  two  gyri  centrales,  the  lobulus  paracentraliSy  and 
certain  small  portions  on  the  convex  and  inferior  surfaces  of  the 
occipital  lobe  is  latent.  On  the  left  hemisphere  the  latent  region 
is  of  less  extent  This  result  may  be  regarded  as  a  restatement, 
on  a  basis  of  scientific  induction,  of  the  well-known  fact  that  ex- 
tensive lesions  can  occur  in  the  frontal,  temporal,  and  occipital 
lobes,  without  being  followed  by  any  sensory  or  motor  disturb- 
ances. But  it  idso  confirms  the  impression  that  the  portions  of 
the  cerebral  cortex  lying  about  the  fissure  of  Rolando  are  entitled 
to  be  called  **  the  exquisitely  motor  parts  of  the  cortex." 

Yet  more  precisely,  the  motor  region  ou  either  hemisphere  may 
be,  according  to  Exner,  marked  out  by  the  method  of  negative 
cases,  and  by  the  method  of  percentage  of  cases.  The  former  meth- 
od shows  that,  for  the  upper  extremities,  the  corresponding  cortical 
region  on  the  right  hemisphere  is  the  lobulus  paracentrali^,  the  gyrus 
centralis  anterior  (with  the  exception  of  a  small  part  of  its  lower 
end)  and  the  upper  half  of  the  gyrus  centralis  posterior.  The  latter 
Hiethod  further  confirms  the  foregoing  conclusion.  It  shows  that 
the  "  absolute  field  "  for  the  upper  extremities  —the  field,  that  is, 
within  which  lesions  are  altoays  followed  by  impaired  motion  of 
these  extremities — covers  quite  completely  the  same  parts  of  cere- 
bral convolutions  ;  while  the  **  relative  field,"  or  portion  in  which 
more  thafi  fifty  per  cent,  of  cases  of  lesions  are  followed  by  similar 
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disturbaaces,  extends  over  the  remaining  half  of  the  gyrus  cerUrtdiM 
posterior,  the  posterior  third  or  half  of  the  three  frontal  conTolu- 
tions,  the  anterior  half  of  the  parietal  lobe,  and  more  of  the  neighbor- 
ing median  surface.  Corresponding  to  the  better  motor  education 
of  the  right  arm  is  the  fact  that  its  motor,  region  on  the  left  hemi- 
sphere is  more  extended.  Here  the  absolute  field  comprises  the 
lobulus  paracentralis,  the  three  upper  quarters  of  both  gyri  centrales^ 
and  the  greater  part  of  the  upper  parietal  lobe.  Portions  of  the 
median  surface  of  the  occipital  lobe  may  also  belong  to  this  field. 
The  relatiye  field  for  the  upper  extremity  on  the  left  hemisphere 
includes  the  posterior  half  of  the  gyrus  frontalis  superior,  almost 
the  entire  convex  surface  of  the  other  frontal  gyri,  the  parietal  lobe 
at  large,  and  the  upper  part  of  the  occipital  lobe. 

More  specific  localization  of  cerebral  areas,  corresponding  to  the 
different  parts  of  the  upper  extremities,  can  as  yet  be  accomplished 
only  with  much  less  confidence  and  in  a  conjectural  way.  The 
method  of  positive  cases  seems  to  designate  the  gyrus  centralis  an- 
terior as  the  special  cortical  area  for  the  hand  ;  with  a  probabiUiy 
that  the  area  for  the  extensors  of  the  hand  lies  in  its  middle  part, 
and  the  area  of  the  thumb  somewhat  below  in  the  same  gyrus. 

§  12.  Exner's  collection  contained  75  cases  of  disturbances  of 
motion  in  the  lower  extremities  ;  26  lesions  being  on  the  right,  49 
on  the  left  hemisphere.  The  methods  both  of  negative  cases  and 
of  percentage  agree  in  indicating  that  the  **  absolute  "  cortical  field  of 
the  left  leg  comprises  the  lobulus  paracentralis,  the  uppermost  third 
(as  far  as  the  lower  end  of  the  sulcus  frontalis  superior)  of  the 
gyrus  centralis  anterior,  portions  of  the  corresponding  third  of  the 
gyrus  centralis  posterior,  and  some  small  areas  behind  and  below  on 
the  lobulus  quadratus, — all,  of  course,  in  the  right  hemisphere.  The 
"relative  field''  of  the  same  limb  on  the  same  cerebral  hemisphere 
includes  both  lower  thirds  of  the  central  convolutions^  the  back 
pai*ts  of  the  frontal  convolutions,  the  parietal  lobules,  and  the  up- 
per portion  of  the  occipital  •  lobe.  On  the  median  surface  of  the 
brain,  the  posterior  part  of  the  gyrus  frontalis  superior  and  the 
anterior  half  of  the  lobulus  quadratus  belong  to  this  field.  On  the 
left  hemisphere  the  absolute  cortical  field  for  the  right  leg  includes 
the  lobidus  paracentralis,  the  upper  half  of  the  gyrus  centralis  pos- 
terior, and  most  of  the  upper  portion  of  the  parietal  lobe.  A  smaU 
lateral  part  of  this  lobe,  and  on  the  median  surface  the  lobulus 
quadratus,  and  perhaps  the  cuneus,  must  be  added  to  complete  the 
relative  field  of  this  lower  extremity.  Exner  does  not  consider  it 
possible,  as  yet,  to  be  more  precise  in  designating  the  cerebral  fields 
for  the  lower  limbs  of  man. 
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§  13.  On  comparing  with  each  other  the  foregoing  conclosions, 
it  is  apparent  that  the  absoliUe  field  for  the  upper  extremities  en- 
tirely ooTers  the  corresponding  field  for  the  lower  extremities  ;  but 
the  gyruB  cerUralis  anterior  and  lower  half  of  the  gyrus  centralis 
posterior  belong  only  to  this  field  for  the  upper  extremities  The 
relative  fields,  too,  for  both  arms  and  legs,  have  a  similar  relation  in 
extent  and  intensity.  There  is  considerably  greater  probability, 
therefore,  that  a  lesion  of  a  given  size  in  the  motor  region  will  af- 
fect the  arms  than  that  it  will  affect  the  legs ;  indeed,  the  collection 
of  Exner  shows  bat  one  case  in  which  the  motions  of  the  legs  were 
disturbed  and  not  those  of  the  arm&  This  greater  '*  sensitiveness  " 
— if  we  may  so  speak — of  the  cortical  region  of  the  upper  extrem- 
ities, corresponds  to  the  fact  that  their  motion  is  more  distinc- 
tively cerebral  and  intelligent  than  that  of  the  lower  extremitiea 

§  14.  In  this  same  **  exquisitely  motor  '*  region  of  the  cerebral 
cortex,  and  in  the  most  nearly  adjacent  regions  of  the  frontal  and 
parietal  lobes,  certain  other  cerebral  fields  corresponding  to  definite 
muscles  or  groups  of  muscles  may  be  localized,  conjecturally.  By 
the  method  of  percentage  the  cerebral  area  for  tliose  muscles  to 
which  the  facial  nerve  is  distributed  may  be  rather  indefinitely  in- 
dicated as  lying  in  the  lower  half  of  the  gyrus  centralis  anteriory  and 
lower  third  of  the  gyrus  centralis  posterior,  on  the  right  hemisphere  ; 
while,  on  the  left  hemisphere,  it  appears  to  be  more  definitely  fixed 
at  a  small  strip  that  belongs  to  the  gyrus  centralis  anterior,  and  lies 
between  the  places  where  the  inferior  and  superior  frontal  gjiri 
spring  from  this  central  gyrus,  but  nearer  the  first  of  the  two. 
Both  methods  of  induction  apparently  unite  in  indicating  the 
cortical  region  for  the  tongue  as  lying  where  the  middle  and  lower 
frontal  gyri  meet  with  the  anterior  central  gyrus.  In  the  niue  cases 
of  the  collection  in  which  the  muscles  of  Ikcad  and  necJc  were  af- 
fected, the  lesions  were  all  situated  in  one  of  the  central  convolu- 
tions ;  but  a  more  definite  localization  within  the  limits  of  these 
convolutions  does  not  appear  to  be  possible.  As  to  the  localization 
also  of  the  cerebral  field  for  the  muscles  of  thr  cyehall,  including 
that  for  raising  the  upper  lid,  pathologj'  is  able  only  to  say  in  a 
general  way  that  this  field  appears  to  fall  within  the  general  motor 
area  as  thus  far  pointed  out  Exner  thinks  it  certain  that  the 
rectus  intemus  muscle  of  one  side,  and  the  rectus  extern  us  of  the 
other  side,  are  innervated  from  the  same  hemisphere  of  the  brain. 
This  we  should  also  argue  from  their  ordinary  physiological  func- 
tion. 

§  16.  Positive  cases  of  a  nature  to  strengthen  the  foregoing  in- 
duction as  to  the  cerebral  areas  especially  connected  \Ndth  the  upper 
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and  lower  extremities  might  be  indefinitely  multiplied.  Especiallj 
interesting  are  those  where  disuse,  through  accident  or  diseaaey  of 
one  of  these  extremities  has  been  found,  post-mortem,  to  have  re* 
suited  in  atrophy  of  the  corresponding  cortical  fields.  That  is  to 
say,  the  cortical  region,  being  unused  on  account  of  the  loss  of 
function  in  the  peripheral  member,  has  itself  paid  the  penalty  of 
all  failure  to  exercise  the  normal  functions ;  it  has  lost  in  size  and 
strength.  For  example,  atrophy  of  the  upper  end  of  the  ffyrm 
centralis  anterior  of  the  right  hemisphere,  and  of  its  prolongation 
in  the  lobulus  paracentralis,  was  in  one  case  found  to  haye  resulted 
from  the  amputation  of  the  left  leg  twenty  years  before  death. 

§  16.  The  conclusions  of  other  authoiities  as  to  the  motor  re- 
gions of  the  cerebral  cortex  in  man — especially  of  Lepine,*  and  of 
Charcot  and  Pitres ' — as  based  on  pathology,  confirm  those  of  Exner 
in  the  main,  as  well  as  also  in  some  interesting  particulars ;  any  di- 
vergences arise  almost  wholly  from  the  effort  to  make  distinctions 
more  nicely  than  the  present  condition  of  the  facts  will  warrant 
The  most  general  conclusions  of  these  investigators  may  be  summed 
up  as  follows :  *  "  The  cortex  of  the  cerebral  hemispheres  in  man 
may  be  divided,  functionally,  into  two  parts  ;  motor  and  non-motor, 
according  as  destructive  lesions  do  or  do  not  cause  permanent  par- 
alysis of  the  opposite  side  of  the  body."  .  .  "  The  motor  zone  in- 
cludes only  the  ascending  frontal  and  ascending  parietal  convolutions 
and  the  paracentral  lobule."  It  may  be  concluded  then,  as  a  well-es- 
tablished induction,  that  the  convolutions  on  either  side  of  the  fissure 
of  Rolando  (the  gyri  centrales  anterior  and  posterior)  and  the  con- 
nected lobule  on  the  median  surface  of  the  brain  {lobulus  paracen- 
tralis) are  in  the  highest  degree  especially  connected  with  the  mo- 
tion of  the  extremities  of  the  body ;  that  adjacent  parts  of  the 
frontal  and  parietal  lobes  are  thus  connected  in  a  less  degree  ;  that 
the  cortical  region  for  the  arms  Hes,  on  the  whole,  anterior  to  that 
of  the  legs  ;  and  that,  probably,  the  region  for  the  hand  is  near  the 
middle  part  of  the  front  central  convolution,  and  that  for  the  tongue 
where  the  middle  and  lower  frontal  convolutions  meet  the  front 
central.  More  precise  localization  of  the  motor  functions  of  man 
must  as  yet  be  made  with  a  lower  degree  of  confidence.  Beyond 
these  general  statements  lies  the  undefined  field  of  conjecture. 

§17.  It  cannot  be  said  that  histology  and  comparative  anatomy 

'  Localisation  dans  les  maladies  c^robrales.     Paris,  1875. 

'  Localisation  dans  les  maladies  du  cerveau,  Paris,  1876 ;  Revue  mensnalla 
de  M6d.  et  de  Cliir.,  1877-1879;  £tade  critique  et  clinique  de  U  doctrine 
dans  Tecorce  des  hemispheres  o^r^brauz  de  Thomme,  Paris,  1888. 

'  See  Brain,  July,  1884,  p.  270 1 
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ft  Mrengtli  n(  the  Brgnment  for  tbc  localizatioD  of  the 
r  re^oa,  as  derived  from  experimentation  aud  pa- 
t«t«r  cridence  Uiey  do  furniBh,  however,  is  confirmo- 
iluidotm  reached  iibove.  In  tbia  connection  rtftr- 
tde  to  the  cuncluHiou  of  Mej'nerl,'  that  the  jiaths 
eirea  run  more  toward  the  oecipilal,  and  tliose  of 
»  toward  the  frontal  region  of  the  cerebrum.  Tho 
TC>c«Ua  of  gigantic  size,  reeembling  those  foiiud  in 
a  of  the  spinal  cord,  which  Botz  discorerei]  in  the 
9  of  the  cerebrum  of  the  dog,  the  monkey,  and  of  man. 
n  the  same  direction.  It  should  also  be  mentioned 
{ie&l  reaearcbes  of  Pitres  *  into  the  results  of  lesions 
jr  substance  lying  between  the  cerebral  cortex  and 
1,  seem  to  show  that  such  as  occur  in  tlio  fronto- 
D  of  this  sabstance  cause  paralysis  of  motion  and  dc- 
0  inotor  tiscts.  Finally,  the  general  structurfi  of  the 
p  and  the  course*  of  its  nt^rve-tmcls,  as  already  considered 
,  Chapters  II  and  IIL).  are,  in  the  main,  accorduut  with 
■  of  experimentation  and  pathology. 

»  reuarlublfi  degree  of  coincidence  in  locality  which 

thoM  circles  whose  extirpation  is  followed  by  dis- 

lotlui  (disturbances  due,  in  the  opinion  of  Hitrig, 

i(  th«  physical  basis  of  the  animal's  control  over  its 

4)  opinion  of  HchitF,  rather  due  to  tactile  annsthe- 

le  (olloning  ijuestion  :  Is  not  the  eorlicAl  field  of 

a  in  the  extremities  of  man  coincident,  iu  tlie  main, 

kpa^lienlBr,  vitb  the  field  for  the  motion  of  the  same  ex- 

An   ofSmiatiTe  aosvrer  to  this  ijucstion  would  ssem 

Q  prior  to  experiueDta]  and  pathological  evidenco. 

1  inotor  mechanisms  are,  of  necessity,  most  inti* 

I,  locally,  in  all  the  central  organs.    This  state- 

y  trn*  of  the  spiniU  cord  and  of  the  inferior  parts 

HiireoTcr.  in  oonooioumess  the   sensations  which 

ions  in  nil  tlie  finer  nsea  of  the  peripheral  jiarU  of  the 

y  promplty,  and  ersn  almost  inextricably,  interwoven 

Id  walking;  talldng,  handling  a  tool,  or  pUj-ing 

nt,  to  be  nnable  to  experience  certnln  delicate  ^ 

•  WMble  to  win  tlie  execution  of  oorresponding 

nbow ;  whercu  the  appearance  of  tbe  associated 

r  iiHtuitaneoaaljr  call  forth  tbe  requisite  volitions. 

tfaoo,  that  Ibe  eerebral  mechanism  for  botfa  the 

t.  i.  Wiean  JMol,  LI.,  Uft  tit.  ji  «U  1 

'  Itttoa*  im  esstrs  oi'sla    Psrii,  1077. 
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sensory  and  the  voluntary  motor  factors  of  these  complex  functions 
must  be  composed  of  elements  having  the  closest  local  connection. 
Certain  indisputable  facts  of  pathology  form,  however,  a  strong 
objection  to  such  an  identification  of  the  cerebral  fields  of  motor 
function  and  tactile  sensory  function.  Many  cases  of  motor  dis- 
turbance occur  without  the  disturbance  of  sensation  in  the  same  ex- 
tremity ;  and  cases  of  sensory  disturbance  without  corresponding 
motor  disturbance,  although  much  less  frequent,  are  by  no  means 
very  rare.  How,  then,  can  these  facts  of  pathology  be  reconciled 
with  any  hypothesis  which  locates  in  the  same  cerebral  region  the 
so-called  "  fields  "  for  both  classes  of  function  ? 

The  answer  which  Exner  gives  to  the  foregoing  question  is  per- 
tinent, but  not  wholly  conclusive.  No  absolute  cortical  field  for 
disturbances  of  tactile  sensation  in  the  extremities  of  the  body  can, 
indeed,  be  pointed  out ;  that  is  to  say,  there  is  no  portion  of  the 
cerebral  cortex,  lesions  of  which  are  invariably  and  necessarily  fol- 
lowed by  tactile  anaesthesia,  hyperaesthesia,  etc.,  in  definite  parts  of 
the  periphery.  But  that  the  entire  relative  field  of  sensations  of  touch 
in  the  extremities  corresponds  with  that  of  the  motor  activities,  is 
made  highly  probable  by  the  method  of  positive  casea  After  ex- 
cluding doubtful  cases — in  which  the  patient  complained  rather  in- 
definitely of  a  feeling  of  "  heaviness"  or  **  numbness,"  eta,  in  some 
area  of  muscle  or  skin — Exner's  collection  was  found  to  contain 
22  cases  where  marked  disturbances  of  tactile  sensations  seemed 
clearly  made  out.  Of  these  22  cases  no  fewer  than  16  were  located 
wholly  in  the  two  central  convolutions ;  and  3  of  the  remaining  6 
extended  for  several  millimetres  into  the  same  convolutions.  Of 
those  still  remaining,  the  one  farthest  removed  from  the  "  exquisitely 
motor  "  region  was  in  the  gyrus  angularis,  and  therefore  in  a  portion 
of  the  relative  motor  field  which  has  a  considerable  per  cent  of  in- 
tensity. 

On  the  basis  of  so  complete  an  agreement  of  the  positive 
cases,  Exner  feels  warranted  in  affirming  that  "  the  tactile  cortical 
fields  for  the  diflferent  divisions  of  the  body  coincide  in  general 
with  their  motor  cortical  fields."  It  is  to  be  noted,  moreover,  that 
the  percentage  of  the  cases  of  disturbance  of  tactile  sensations 
occurring  on  the  right  hemisphere  is  more  than  twice  as  large  as 
that  of  the  left  Sensibility  seenis,  then,  to  be  the  predominaiing 
function  of  the  right  hemisphere,  as  motion  is  of  the  left  This 
fact,  when  taken  in  connection  with  the  greater  liability  of  the  left 
hemisphere  to  be  the  seat  of  cerebral  disease,  accounts  in  part  for 
the  less  frequent  occurrence  of  sensory  disturbances  following  le- 
sions in  this  general  area.    Moreover,  we  are  warranted  in  assum- 
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ing  that  the  oortioal  fields,  in  which  the  nervous  impulses  occasion- 
ing tactile  sensations  are  projected,  are  connected  with  each  other, 
and  ^th  the  ascending  senaory  tracts,  in  a  very  compUcated  way. 
The  manner  of  this  connection  is  doubtless  different  for  the  different 
areas  of  muscle  and  skin.  Nor  does  it  appear  that  the  sensory  areas 
are  so  weU  differentiated  as  the  corresponding  motor  areas ;  although 
one  case,  at  least,  can  be  pointed  out  in  which  loss  of  sensation  in 
the  thumb  and  index-finger  was  the  definite  result  of  a  lesion  of 
the  yery  limited  cortical  region  already  conjecturally  assigned  to 
these  members.  Finally,  it  must  be  remembered  that  those  descrip- 
tions of  pathological  cases  on  which  all  our  inductions  have  hitherto 
been  based,  are  very  liable  to  be  faulty  with  respect  to  slight  dis- 
turbances of  sensibility. 

It  is  a  general  conclusion,  then,  which  is  entitled  to  a  large  de- 
gree of  confidence,  that  both  the  gyri  centralesy  the  lobulus  para- 
centralis^  and  the  most  nearly  adjacent  parts  of  the  frontal  and 
parietal  convolutions,  constitute  a  cortical  region  especially  related 
to  both  the  motor  and  the  sensory  functions  of  the  extremities  of 
the  body. 

The  view  of  Exner  concerning  the  nature  of  the  motor  area  in 
man  is,  on  the  whole,  greatly  strengthened  by  the  most  recent  con- 
clusions of  Luciani.  This  experimenter  finds  '  that  total  or  partial 
extirpation  of  the  *'  motor  zone  "  in  the  dog  and  the  monkey  is 
uniformly  followed,  not  only  by  motor  paralysis,  but  also  by  cuta- 
neous and  muscular  ansesthesia.  The  "motor"  sphere  and  the 
"  tactile  "  sphere  are  largely  coincident  in  these  animals  ;  and  "  in 
all  experiments  upon  the  tactile  sphere  there  was  a  manifest  and 
constant  crossing  of  the  relations  between  the  peripheral  sensory 
fibres  and  their  respective  cortical  centres."  "What  one  calls 
'motor  zone '  is  the  central  focus  of  the  large  portion  of  the  senso- 
rial sphere  visible  on  the  external  aspect  of  the  hemisphere." 

§  19.  The  testimony  of  the  facts  upon  which  reliance  must  be 
placed  in  the  effort  to  localize  the  cerebral  field  for  sensations  of  sight 
and  hearing  in  man  is  by  no  means  so  satisfactory  as  the  foregoing. 
EiXperiment  upon  animals  by  stimulation  is  of  no  direct  value  ;  it 
could  at  most  only  discover  the  cortical  regions  especially  related 
bo  some  of  the  motions  of  the  eye  or  ear  and  their  surrounding 
parts.  Our  conclusions  from  the  method  of  extirj^ation  also  must 
always  be  somewhat  imcertain,  since  we  infer  the  sensations  of  the 
inimal  only  by  interpreting  his  motions  into  tenns  of  our  own  self- 
X)nsciousness.  It  is  not  strange,  then,  that  the  leading  experi- 
uenters  differ  irreconcilably  in  certain  of  their  conclusions.  There 
'  See  an  abstract  of  his  results,  iu  Braiu,  July,  1884,  pp.  14o  £L 
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is  pretty  general  agreement  at  present^  howeyer,  as  to  the  localisah 
tion  of  sight  somewhere  in  the  occipital  lobe.  Hitzig '  found  that 
the  removal  of  certain  gjri  in  the  posterior  lobes  of  the  dog  pro- 
duced blindness  of  the  opposite  eye,  combined  ¥dth  a  paralytic 
dilatation  of  its  pupil ;  stimulation  of  the  same  gyri  produced  con- 
traction of  the  pupil.  Ferrier '  claims  that  destruction  (by  cauter> 
ization  chiefly)  of  the  gyrus  angularis  of  apes  produces  blindness  of 
the  opposite  eye,  and  this  loss  of  function  alone ;  stimulation  of  the 
same  region  causes  movements  of  the  eya  He  therefore  considers 
this  convolution  as  pre-eminently  the  cortical  centre  of  sight.  Bat 
Munk,  after  numerous  experiments  upon  dogs»  and  some  upon 
monkeys,  locates  the  centre  of  sight  above  and  behind  the  place 
assigned  it  by  Ferrier — namely,  in  the  upper  and  hinder  part  of  the 
occipital  lobe ;  the  gyrus  angularis,  on  the  contrary,  he  makes  the 
cortical  region  for  the  tactile  sensations  of  the  eye.  Munk's  ex- 
periments are  so  minute  in  carefulness,  and  his  conclusions  so 
based  upon  detailed  analysis  of  the  phenomena,  that  they  perhaps 
deserve  to  suggest  to  pathology  the  exact  form  in  which  to  put  its 
inquiry.  They  are,  undoubtedly,  excessive,  however,  in  the  refine- 
ment to  which  they  would  carry  the  principle  of  localization. 

§  20.  Munk  details  the  following  among  other  phenomena  which 
result  from  extii'pating  the  region  marked  A^  (see  Fig.  85)  fi*om  the 
brain  of  a  dog.  The  animal  thus  operated  upon  is  in  a  condition 
to  which  the  name  of  "psychical  blindness"  {SeelerMindheit)  is 
given  ;  but  it  has  suffered  no  other  obvious  impairment  of  its  sen- 
sory or  motor  functions.  By  "  psychical  blindness  "  is  meant  the 
inability  of  the  dog  to  form  those  visual  mental  images  or  ideas 
which  give  it  the  meaning  or  interpretation,  as  it  were,  of  its  visual 
impressions.  This  includes  the  loss  of  the  use  of  that  portion  of 
the  retina  which  is  necessary  for  distinct  vision,  and  of  the  immedi- 
ately surrounding  retinal  parts.  If  the  region  A,  be  removed  from 
both  hemispheres  of  the  brain,  when  the  animal  has  recovered  from 
the  inflammatory  reaction,  it  will  still  move  about  freely,  guiding 
itself  by  sight  even  under  difficult  circumstances.  But  it  does  not 
recognize  by  sight  the  dish  from  which  it  has  been  accustomed  to 
take  food  or  water,  the  companions  with  which  it  has  formerly 
played,  the  man  who  has  been  its  keeper,  the  threatening  hand  or 

'  Centralb.  f.  d.  med.  Wissenschaft,  1874,  p.  548. 

«  The  Functions  of  the  Brain,  p.  164  f.  In  the  second  edition  (p.  271 1) 
Ferrier  acknowledges  that  he  was  in  error  in  localizing  the  visual  centres  in 
this  gyrus  to  the  exclusion  of  the  occipital  lobes.  For  a  very  telling  criticism 
of  this  position  of  Ferrier,  see  Munk,  Ueber  d.  Functionen  d.  Groeshimrinde, 
p.  14  f. 
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I,  Uw  baming  ocml  lieM  liefore  its  fnce.  It  stiU  retainfl  its  gcn- 
i^nce  ami  mnkea  coitataut  aud  diligent  iiiTestigatioii  into 
>  bj  which  it  iit  surroiiDdeil.  As  time  passes,  it  gradually 
•  to  noogaize  again  all  Iheeo  visual  objcrtH,  The  more  com- 
1  tttfreqaeut  ot  the  uliji-cttt  uru  tlie  Lutt  in  the  process  of  re- 
emwy  to  »cai*e  tntorpretation.  At  the  tm\  ot  three  to  five  weeks 
iflar  lb*  opcntion,  thu  injured  animal  may  he  said  to  have  recov- 
•nd ;  ila  reaUeasnestt  aiid  curiosilir  liave  siiltsided  iu  projwrtion  tu 
Ik*  iiriigrw  toad*  in  tlie  kuowletlgo  of  visual  impressiouti ;  it  in 
Hae^f  at  Ust,  ibt  "  Boul-blindueas  "  having  departed.  It  may  be 
ibowti,  moreuver,  thnt  this  recovery  consirfa  in  Ifamimj  am-w  the 
■■jcing  of  Tuital  tmpresiiions ;  or,  iu  otln^r  wordu,  in  afc|uiring 
•MfW  tiim  stock  of  TLHual  ideas  that  has  been  blotted  ont  of  tlie  ani- 
nal'a  nttid  by  extirpating  the  cortical  centre  of  dght.  For  if  the 
ioQ  be  GWefully  krpt,  for  a  long  time,  from  any  given  kind  of  ex- 
parinim— for  vxunple,  from  being  struck  with  a  whi])  or  burned 
vilh  ■  eoal — it  will  gim  no  sign  of  "  psychical  sight  "  in  rplntion  ta 
tkn«  (Miticolar  obJM.'t«.  More  remarkable  still  in  the  fact  that, 
;  to  Ifonk,'  in  certain  cawh,  after  the  extirpation  of  A,,  a 
Rial  imige  or  two — for  <.-\»iu[ilc,  (lie  motion  of  Uin  liand 
e  tloR  to  hoh!  out  the  foot — may  bo  retaineiL  Ex- 
■  of  the  oorticnl  surface  on  the  occipital  lobe  in  tlie  regions 
fcntgd  A — tbat  in,  befurr,  t>t^cntli,  or  in  front  and  above,  tlie  sigbl- 
■■Stn  A.— CAOM  dixturbauccH  of  Hight  in  a  leuu  ilegree.  Such  phe- 
iMMnnij  Mank  ronNdem  explicable  by  the  hypothesis  that,  while  a 
largt  put  of  tba  am  of  thti  occipital  lobe  is  the  seat  of  th«  |KTcep- 
ttoM  (T)  of  light.  th«  visual  imngea  uf  memory  are  es}ieciully  con- 
BMlad  with  Um  so-caUed  sighl-c«ntrc  A,.  \VLcn,  then,  all,  or  nearly 
■U,  gf  tfas  fiidd  of  ngfat,  in  the  wiilext  nr'nse,  is  extirpated  froni  lioth 
tMiiripliani.  tsHuplete  and  permanent  "  Houl-bliiidiiesa "  results 
Thi  eortical  pnijiKlii'n-lvrld  corresponding  U>  the  cntiro  retinas  of 
both  ty^».  it*  aooumuUlions  ot  old  vinunl  ideoii,  and  cuiwcity  for 
iMMviny  Dvw  oaea,  ku  Im-cd  wiped  out 

Monk  ftBdcsTOT*  to  «Hitablish  n  Mill  taori  minuto  dilTcmitiation 
if  tunriinn  in  the  nortiral  field  of  night  aa  correstHindiu^  to  the  ret- 
inlfiaAl  ot  aigbL'  Bk-Ii  retina,  he  holds,  t>tan>1s  for  the  moKt  purt 
n  waflioB  witb  llie  viatial  ■phi'rc  vt  tlic  ciirtox  tit  the  op|xiHite  Hide 
<■(  lb*  fanin  ;  only  a  mutll  |iart  namely,  the  extreme  lalinU  por- 
iMi  of  tfat  rrtiiw — i»  in  connection  with  llie  cortical  sphere  of  the 
iide.  Tfaia  Utenil  ]Hirtion  of  tho  rptiiin  wcmH  I41  br  of  ditl'er- 
■BOfeMi*  in  difCereut  mcea  of  doga.  Furthiu-.  the  retiiui  is 
'Dt*  Taanioom  d  <tnmhlnirititl».  pp.  !3.  M  IIV  t 
■  bi  tiM  "  rikBtta  lliUlt«lluii(  "  ot  kto  Wwk,  M  cited  baton. 
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projected,  as  it  were,  on  the  cortical  field  of  vision  in  and  about  A^, 
in  such  manner  that  its  lateral  area  corresponds  to  the  lateral  area 
of  the  cortical  sphere  on  the  same  side ;  its  inner  area  to  the  median 
area  of  the  cortical  sphere  on  the  opposite  side  ;  its  upper  area  to 
the  front  area  of  the  cortical  sphere  on  the  opposite  side  ;  its  lower 
area  to  the  hinder  area  of  the  cortical  sphere  on  the  opposite  side. 

In  monkeys,  as  well  as  dogs,  Munk  finds  that  the  sight-centre  is 
not,  as  Ferrier  at  first  supposed,  the  ffyru8  angvlaris^  but  rather  the 
convex  surface  of  the  posterior  lobes.  Small  circular  extirpations, 
of  not  more  than  two-fifths  or  three-fifths  of  an  inch  in  diameter, 
from  this  region  are  followed  by  disturbances  of  vision,  and  by  these 
alone.  If  the  whole  convex  surface  of  one  lobe  is  extirpated,  the 
animal  has  cortical  blindness  for  those  halves  of  both  retinas  that 
are  on  the  same  side  as  the  lesion.  If  the  convex  surfaces  of  bothj 
posterior  lobes  are  destroyed,  the  animal  becomes  entirelj  blind;' 
no  restoration  of  cerebral  function  subsequently  takes  place,  unless 
some  considerable  parts  of  the  edges  on  the  upper  surface  of  at 
least  one  lobe  have  escaped  destruction.  The  cortical  projection- 
field  for  the  visual  impressions  of  the  monkey  differs  from  that  of 
the  dog  simply  in  having  the  lateral  part  of  the  retina,  which  cor- 
responds to  the  cortical  area  of  the  same  side,  much  more  extended. 
Accordingly,  extirpation  of  the  lateral  half  of  the  left  cortical  sight- 
centre,  and  of  the  median  half  of  the  right  cortical  sight-centre, 
produces  in  the  monkey  total  cortical  blindness  of  the  left  eye. 

§  21.  The  searching  examination  which  the  views  of  Munk  have 
received  has  resulted  in  throwing  doubt  over  some  of  his  alleged 
facts,  and  in  discrediting  several  most  important  points  in  his  hy- 
pothesis. This  is  true  especially  of  the  work  of  Lob  and  Luciani, 
both  of  whom  have  gone  thoroughly  over  the  ground  covered  by 
Munk  and  come  to  conclusions  dissenting  from  him.  The  former' 
has  minutely  investigated  the  effects  of  destroying  Munk*8  visual 
centre  Aj,  and  even  his  entire  visual  sphere  in  the  case  of  doga 
He  finds,  contrary  to  Munk,  that  no  bhndness  of  the  clear  spot  of 
vision  in  the  opposite  eye  is  produced  even  by  the  most  extensive 
lesion  of  this  area ;  that  losses  of  the  cortical  substance  in  the 
area  bordering  on  the  lateral  part  of  the  visual  sphere  (i.e.,  in 
Munk's  auditory  sphere)  also  produce  disturbances  of  vision  ;  that 
other  disturbances  of  motion  and  intelligence  also  follow  destruc- 
tion of  this  area  ;  and  that  disturbances  of  sight  may  follow  lesions 
in  other  than  the  occipital  lobes,  especially  in  the  frontal  lobes. 
This  last  conclusion  agrees  with  the  results  obtained  by  other  ob- 
servers (Kriwotorow,  Luciani  and  Tamburini,  and  especially  Cbltz), 
*  See  articles  in  Pflttger's  Archiv,  xxxiv.,  pp.  67  fl. 
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and  most  be  accepted  as  correct  The  more  permanent  disturb- 
ances which  undoubtedly  do  follow  injury  of  the  occipital  lobes 
are  thought  by  L&b  to  be  due  to  what  is  called  a  "  homonymous 
lateral  ?kemiamblyopia**  (or  weakness  of  the  corresponding  lateral 
half  of  the  eye)  on  the  opposite  side.  Munk's  whole  theory  of 
**  psychical  blindness  "  as  due  to  the  extirpation  of  visual  percep- 
tions and  images,  and  of  recovery  from  such  blindness  as  due  to 
special  education  of  the  animal  in  forming  new  mental  images,  is 
rejected  by  Ldb. 

The  admirable  observations  of  Luciani  also  tend  to  disprove 
many  of  the  particular  conclusions  of  Munk,  while  at  the  same 
time  showing  how  relatively  important  are  the  occipital  lobes  in  re- 
spect to  the  cerebral  and  psychical  elements  of  vision.  These  lobes, 
together  with  the  angular  gyrus,  are  in  a  peculiar  degree  the  re- 
gion on  which  the  animals  are  dependent  for  *'  psychical  '*  vision 
— that  is,  for  "  discernment  of  things,  and  a  right  judgment  con- 
cerning their  properties  and  their  nature,"  by  sight 

The  foregoing  general  conclusions  from  experiment  with  the  ani- 
mals as  to  the  especial  importance  of  the  occipital  lobes  for  intelli- 
gent (or  "  psychical  *^  vision  are,  on  the  whole,  in  accordance  with 
the  indications  from  human  pathology.  Even  Lob  testifies  that 
after  extirpating  part  of  the  occipital  lobes  he  has  never  observed 
a  mere  motor  disturbance  without  one  of  vision  also ;  whereas  after 
extirpating  part  of  the  parietal  lobes  he  has  never  obseiTed  a  dis- 
turbance of  vision  without  a  motor  disturbance. 

§  22.  The  answer  of  pathology  to  the  question,  whether  the  cere- 
bral field  especially  connected  with  visual  sensations  and  ideas  is 
the  same  in  man  as  in  the  dog  and  the  monkey,  is  not  unambigu- 
ous. The  method  of  negative  cases,  according  to  Exner,*  yields  no 
certain  results ;  no  "absolute  field  "  for  vision  can  as  yet  be  indi- 
cated on  the  cerebral  cortex.  The  methods  of  percentage  and  of 
positive  cases,  however,  point  clearly  to  the  occipital  lobe  as  the 
visual  field,  and  to  the  upper  end  of  the  first  gyru8  occipitalis  (01,  in 
Eckers  charts ;  see  p.  276  f.)  as  its  most  intensive  portion.  In  six  out 
of  seven  cases  of  disturbances  of  vision  due  to  cortical  lesion  the  seat 
of  the  le«on  was  here.  The  region  of  less  intensity  extends  over 
both  the  first  and  second  occipital  convolutions,  the  cuneus^  and 
the  adjacent  part  of  the  lobulus  quadratu».  Confirmatory  evidence 
may  be  found  in  the  cases  of  several  persons  for  a  long  time  blind, 
whose  brains  have  been  found  on  post-mortem  to  be  atrophied 
above  the  place  where  the  parieto-occipital  fissure  emerges  from 
the  median  surface  upon  the  convex  surface  of  the  occipital  lobe. 
'  Unterauoliaiigen  iliber  d.  Looaliflation,  eto.,  p.  60. 
19 
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It  should  be  said,  on  the  other  hand,  that  lesions  of  the  occipital 
lobes  are  Tery  frequently  latent,  and  that  extensiTe  injuries  of  this 
cortical  field  in  man  are  recorded  which  were  followed  by  no 
marked  disturbance  of  sight 

§  23.  Histology  also  has  some  evidence  to  contribute  regarding 
the  nervous  connections  of  the  retinas  of  the  eyes  with  the  oerebnd 
cortex.  The  amount  of  crossing  which  the  fibres  of  the  optic  nerve 
undergo  in  the  optic  chiasm  has  been  the  subject  of  much  debate. 
It  undoubtedly  differs  in  different  animals,  and  depends  upon  the 
structures  of  both  retina  and  brain,  and  upon  the  relations  of  the 
two.  The  researches  of  von  Gudden  '  and  others  have  tended  to 
show  that  each  optic  nerve  contains  both  a  bundle  of  nerve-fibres 
that  is  crossed  and  one  that  is  uncrossed,  in  the  optic  chiasm  or 
beyond  it,  toward  the  cerebral  connections  of  the  nerve ;  and  that 
the  former  bundle  increases  and  the  latter  diminishes  in  size,  on 
the  whole,  in  the  higher  orders  of  animals  as  compared  with  the 
lower.  Biesiadecki  and  others  claim,  on  the  contrary,  that  there 
is  total  decussation  of  the  optic  nerves  in  the  monkey  and  in  man, 
as  well  as  the  lower  animals.  Charcot '  has  propounded  a  yet  more 
elaborate  scheme  of  decussation.  In  the  case  of  man  there  is  still 
doubt,  therefore,  how  far — if  at  all — the  retina  of  each  eye  is  repre- 
sented on  the  cortical  surface  of  both  hemispheres  of  the  brain. 
That  the  cortical  region  especially  concerned  in  the  sensations^ 
perceptions,  and  images  of  sight  is  in  the  occipital  lobe,  and  es- 
pecially on  its  upper  convex  surface,  is  a  highly  probable  conject- 
ure. But  for  the  settlement  of  further  details  we  must  await  the 
development  of  the  evidence.  In  the  work  of  this  development^ 
experiment  with  animals  can  only  suggest  the  question  which  a 
more  careful  collation  of  a  growing  number  of  cases  in  human 
pathology  will  perhaps  finally  answer  ;  meanwhile  the  evidence  of 
histology  may  be  used  to  confirm  or  modify  the  conclusions  estab- 
lished, more  or  less  conjecturally,  on  the  basis  of  pathology.* 

§  24.  The  localization  of  other  sensory  functions  in  so-called 
"  fields  "or  *'  centres  "  on  the  hemispheres  of  man's  brain — of  hear- 
ing, taste,  and  smell — is  even  more  doubtful.  Little  confidence  can 
be  placed  in  any  conjectures  thus  far  put  forward.  The  tempta- 
tion is  naturally  strong  to  suspect  that  those  regions  of  the  cortex 
unoccupied  by  such  motor  and  sensory  functions  as  we  are  able  to 

»  Grafe'B  Archiv  f .  Ophthalmologie,  1874,  Abth.  ii. ;  1876,  Abth.  iii. ;  1879. 
Abth.  i. 

'^  Le  Progr^s  Mddioal,  August,  1875. 

'  For  a  further  description  of  phenomena  and  cases,  and  for  a  defence  of  his 
own  views,  see  Ferrier,  The  Localization  of  Cerebral  Disease,  pp.  110  ff. 
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locate  athonld  have  the  other  mental  phenomena  assigned  to  them. 
In  this  way  the  entire  brain  appears  to  be  made  of  some  definite 
value  and  use.  Convolutions  which  are  located  where  they  ai*e 
unapproachable  for  purposes  of  experiment,  and  in  which  compar- 
atively few  cases  of  lesion  occur,  are  peculiarly  provocative  of  con- 
jecture. In  Bach  Jidda  of  the  cerebral  cortex,  theories  of  localiza- 
tion may  roam  at  wilL  The  auditory  centre  is  assigned  by  Ferrier  * 
to  the  superior  temporo-sphenoidal  convolution  ;  but  the  evidence 
adduced  in  proof — such  as  the  priddng-up  of  the  animal's  ears, 
etc. — is  highly  unsatisfactory.  The  same  centre  is  located  by 
Munk '  at  the  region  Bl,  for  its  greatest  intensity,  and  with  less 
intensity  in  the  adjacent  regions  marked  B ;  but  since  the  entire 
region  on  both  hemispheres  must  be  extirpated  (an  almost  certain- 
ly deadly  operation)  in  order  that  the  animal  may  become  wholly 
"  soul-deaf,"  and  since  we  have  no  sure  means  for  ascertaining 
precisely  to  what  deficiency  we  should  ascribe  the  failure  of  the 
animal  to  respond  intelligently  to  sounds,  Munk's  experimental 
proof  is  likewise  unconvincing.  Luciani,  with  much  more  proba- 
bility, considers  the  ''  auditory  sphere  "  to  extend  over  the  whole 
cortical  area  of  the  temporo-sphenoidal  lobe,  and  probably  also  the 
camu  ammonis. 

The  centres  of  smell  and  taste  are  located  by  Ferrier  close  to- 
gether in  the  svbiculum  and  neighboring  parts  of  the  lower  temporo- 
sphenoidal  convolutions ;  the  centre  of  touch  in  the  gyrus  hippo- 
campi and  hippocampus  major,  Munk,'  however,  regards  these 
centres  of  Ferrier  as  "  phantasms"  He  is  strongly  inclined,  on  the 
basis  chiefly  of  one  well-differentiated  case,  to  localize  smell  in  the 
gyrus  hippocampi.  It  is  difficult  to  see  how  anything  sufficiently 
definite  for  scientific  purposes  can  be  known  as  to  disturbances  of 
taste  in  a  dog  or  a  monkey.  No  adequate  evidence  is  procurable  as 
yet  for  an  induction  from  human  pathological  cases  in  regard  to 
the  cortical  fields  of  any  of  these  so-called  lower  senses. 
j^  §  25.  To  the  foregoing  remark  a  possible  exception  must  be 
!  allowed  for  the  sense  of  hearing.  In  this  connection  belongs  the 
noteworthy  localization  of  the  cerebral  functions  concerned  in  the 
utterance  and  interpretation  of  articulate  speech.  The  various  de- 
ficiencies in  the  power  of  producing  and  interpreting  articulate 
sounds,  whether  as  spoken  or  written,  which  are  due  to  lesions  of 
the  cerebral  cortex,  may  be  grouped  together  under  the  general 

■The  FnnctioiiB  of  the  Brain,  p.  171  f.  ;  comp.  The  Localization  of  Cerebral 
Bifiease,  p.  132  f. 
*  Ueber  d.  Fimotionen  d.  Grosshimrinde,  p.  22  f .  ;  40  f. 
» Ibid.,  p.  129. 
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term  "  aphasia."  For  about  a  decade  previous  to  the  discoveries 
of  Fritsch  and  EQtzig,  in  1870,  the  fects  which  seemed  definitely  to 
connect  the  loss  of  speech  with  a  certain  region  of  the  left  cere- 
bral hemisphere  were  nearly  all  to  which  any  advocate  of  the  local- 
ization of  cerebral  function  could  confidently  appeal  in  behalf  of 
his  theory.  As  long  ago  as  1825,  BoiUaud  located  the  articulation 
of  words  in  the  frontal  lobes.  Subsequently  (1836)  M.  Dax  main- 
tained the  proposition  that  '*  lesions  of  the  left  half  of  the  enceph- 
alon  are  coincident  with  forgetfulness  of  the  symbols  of  thought" 

In  treatises  of  the  years  1861-1865,  Broca  first  announced  the 
substantially  true  discovery  that  the  gyrus  frontalis,  inferior  on  the 
left  side  of  the  cerebrum  is  especially  concerned  in  using  the  pow- 
er of  speech.  This  circumstance  he  connected  with  the  fact  that 
men  generally  use  the  left  hemisphere  more  than  the  right  for  the 
expression  of  thought  with  the  right  hand  and  arm,  whether  in 
writing  or  in  the  mechanical  arts.  The  literal  meaning  of  the 
statements  made  by  Broca — such  as  that  this  part  of  the  brain  is 
**  the  seat  of  the  faculty  of  articulate  language  " ' — is,  however,  not 
simply  inappropriate  to  the  facts  ;  it  is  even  absurd.  There  is  no 
one  "  faculty  "  of  language  which  can,  in  any  possible  meaning  of 
the  word,  be  regarded  as  having  its  "seat "  or  locality  confined  to 
some  particular  region  of  the  brain.  Speech  involves,  in  a  very 
complicated  and  large  way,  all  the  faculties  ;  strictly  speaking,  then, 
it  cannot  be  located,  with  all  its  attendant  operations  of  self-con- 
scious, rational  mind,  in  any  one  cerebral  area.  But  that  the 
phenomena  of  aphasia  show  some  special  connection  of  certain 
cerebral  centres  with  the  complex  process  of  apprehending  and  ex- 
pressing articulate  language,  seems  entitled  to  credit  as  an  induc- 
tion based  upon  a  wide  range  of  facts.  Of  course,  in  this  particu- 
lar attempt  at  localization  of  function,  no  real  help  can  be  derived 
from  experiments  upon  the  lower  animals. 

§  26.  The  phenomena  of  various  classes,  among  which  the  truly 
aphasic  cases  must  be  discriminated,  vary  all  the  way  from  those 
resembling  the  results  of  momentary  inattention — such  as  that  of 
the  German  professor  who  certified  in  writing,  "  A.  B.  has  attended 
my  remarkable  lectures  in  chemistry  with  inorganic  assiduity  " — to 
the  impairment  and  utter  loss  of  speech  in  progressive  pandysiB 
with  dementia.'    A  few  of  the  more  curious  and  instructive  in- 

*  Sur  le  si^ge  de  la  faonU6  du  langage  articnl^,  etc.,  Boll,  de  la  Soa  anat, 
August,  1861 ;  Du  Bidge  de  la  faculte  du  langage  articule  dans  I'h^misphdre 
gauclie  du  cerveau,  Bull,  de  la  Soc.  d'anthropol. ,  June,  1865. 

'For  the  whole  subject,  see  the  great  monograph  of  Kuaamaal,  in  Ziemaseo'i 
Cyclopaedia,  xiv.,  pp.  581-875. 
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stanceB  fomiah  fiusts  like  the  following  :  The  aphado  patient  maj 
be  entirely  speeehlesa,  and  yet  understand  what  is  said  to  him,  and 
be  able  to  write  his  wishes  down  on  paper.  Some  thus  a£9icted  re- 
tain the  power  to  pronounce  words  of  one  syllable,  but  are  obliged 
to  resort  to  writing  in  order  to  conmiunicate  anything  further.  Oth- 
ers possess  a  small  stock  of  words,  which  they  make  more  serviceable 
with  expressive  gesturea  Others,  still,  are  simply  able  to  speak  *'  a 
few  senseless,  and  often  very  extraordinary,  syllables  and  words." 

Among  the  surprising  phenomena  of  the  disease  of  aphasia, 
none  are  perhaps  more  so  than  those  occasioned  by  the  abiUty 
to  utter  certain  syllables  or  words,  when  accompanied  by  an  utter 
inability  to  put  the  same  letters  into  slightly  different  combination. 
One  patient,  who  could  say  ''Bon jour,  monsieur,"  tolerably  well, 
could  not  pronounce  the  word  "  bonbon  "  at  alL  Another,  whose 
vocabulary  was  almost  entirely  limited  to  the  meaningless  syllables, 
"  cousisi,"  was  quite  unable  to  utter  either  ''coucon"  or  ^'sisi." 
The  celebrated  case  of  the  aphasic  Le  Long,  reported  by  Broca, 
was  that  of  a  man  confined  to  five  words  for  his  entire  vocabulary. 
These  words  were,  "  ouL  non,  tois  instead  of  trois,  toujours,  and 
Le  Lo  instead  of  Le  Long."  The  first  two  and  the  last  were  used 
with  their  appropriate  meaning;  "tois"  indicated  all  ideas  of 
number  whatever ;  and  ''  toujours  "  was  the  word  used  when  the 
patient  could  not  express  his  meaning  by  gestures  and  the  other 
four  words.  It  appears,  then,  that  Le  Long  could  pronounce  the 
r  in  "  toujours,"  but  not  in  "  trois,"  and  the  nasal  sound  in  "  non," 
but  not  in  his  own  name.  In  another  class  of  cases,  the  aphasic 
person  can  utter  only  a  few  or  no  words  spontaneously  and  cor- 
rectly, but  can  repeat  and  write  without  difficulty  words  that  are 
spoken  before  him.  Such  inability  is  sometimes  called  ''simple 
aphasia  of  recollection."  Different  classes  of  words,  as  a  rule,  shp 
from  the  memory  in  succession,  as  it  were.  Proper  names  are 
most  frequently  forgotten  ;  then  substantives  generally,  and  some- 
times verbs,  adjectives,  pronouns,  and  all  other  parts  of  speech. 
"The  more  concrete  the  idea,"  says  Kussmaul,'  "the  more  readily 
the  word  to  designate  it  is  forgotten,  when  the  memory  fails." 
Many  cases  of  disease  occur  where  the  patient  has  lost  the  power 
mentally  to  Jind  the  appropriate  words,  although  his  power  of  ar- 
ticulation is  unimpaired.  Such  disturbances  of  speech  may,  or  may 
not,  be  accompanied  by  a  corresponding  impairment  of  general  in- 
telligence. This  compUcation  increases  the  difficulty  of  studjdng 
the  phases  of  this  disease. 

Aphasia  may  also  be  accompanied  by  so-called  "  word-deafness  " 

'  Ziemasen's  C/clop»dia,  xiv. ,  p.  750. 


294  BISTUBBANOES  OF  SPBECH. 

and  "  word-blmdne8&"  Persons  thos  afflicted  hear  words  as  con- 
fused murmurings,  or  see  them  as  blurred  imagea  The  individ- 
ual  letters  may  be  intelligently  heard  or  read,  but  their  combina- 
tion has  become  unintelligible.  The  same  thing  sometimes  happens 
with  figures  ;  as  in  the  case  of  the  accountant  who  could  read  the 
sum  766,  figure  for  figure,  but  did  not  know  what  the  figure  7 
meant  as  placed  before  the  two  6*s.  At  other  times  the  disturb- 
ance of  speech  takes  the  form  of  grammatical  ataxy,  as  it  were,  or 
of  verbal  delirium — a  medley  of  words,  partly  in  themselves  signifi- 
cant and  partly  unmeaning. 

The  agraphia,  or  inabihty  to  express  thought  in  written  language, 
which  not  infrequently  accompanies  aphasia,  may  be  incomplete, 
or  absolute  and  literal.  Some  patients,  who  have  formerly  been 
highly  cultivated,  become  unable  to  produce  a  single  letter  with 
the  pen.  Others  can  write  long  rows  of  letters,  but  arrange  them 
for  the  most  part  in  meaningless  fashion,  with  an  intelligible  word 
occurring  here  and  there.  In  brief,  the  phenomena  more  or  less 
closely  connected  with  the  disturbance  called  aphasia  are  exceed- 
ingly complex  and  various. 

§  27.  In  the  effort  to  classify  so  many  complicated  facts,  and  to 
distinguish  among  them  such  as  are  of  truly  cerebral  origin,  Ex- 
ner  *  makes  the  following  distinctions :  First,  there  are  cases 
where  the  understanding  of  the  words  is  affected  ;  and  such  loss 
may  constitute  the  chief  or  the  entire  part  of  the  aphasia.  Tbe 
patient  can  then  hear  and  articulate,  but  the  "  acoustic  image  "  of 
the  word  as  the  symbol  of  an  idea  has  perished.  In  a  second  form 
of  aphasia,  the  inability  concerns  the  clothing  of  the  result  of 
thought  (the  idea)  in  words — whether  for  purposes  of  spoken  or  of 
written  expression.  In  most  such  cases  it  is  simply  the  appro- 
priate word  which  is  forgotten.  In  the  third  class  of  cases,  the 
aphasic  pei*son  can  form  tbe  idea  and  select  the  word  appropriate 
to  express  it,  but  cannot  bring  about  those  processes  of  central  in- 
nervation which  ore  necessary  to  initiate  the  expression.  All  these 
three  forms  may  combine  variously,  and  all  may  be  connected  with 
disturbances  of  speech  which  are  not  to  be  localized  in  the  cerebral 
cortex,  but  which  have  their  origin  at  some  point  in  the  extra-cor- 
tical nerve-tracts  concerned  in  speech.  The  very  elaborate  analysis 
of  Kussmaul  leads  him  to  make  the  following  statement:  "All 
disturbances  of  speech  can  be  brought  under  two  great  classes, 
according  as  the  connection  between  the  conception  and  the  word 
is  impeded  in  the  direction  from  the  former  to  the  latter  or,  vic6 
versa,  from  the  latter  to  the  former.  When  the  first  happens,  the 
1  In  Hermann's  Handb.  d.  PhjrsioL,  XL,  ii.,  p.  848  f. 
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Few;  when  tbe  second,  the  underetanding. "  By  the 
imvvr,  wo  inuat  mean  ttio  "  understAndui;;  "  as  applied 
articalftUi  speech.  For  aphosif  perttons  are  often  yery 
caxryvig  on  the  traiua  of  thought  ueceasary  to  suc- 
of  akiU.  or  in  tlie  esprcssion  of  feeling  in  musio  ;  and 
vno  with  flonBiderahle  allowannes,  tlie  intelligent 
Latitat  conceroiiig  hiti  owa  luffntol  couitition  when 
■ometimeB  exercise  the  mind  in  abstract  reaaoniog 
ler,  even  wh«n  unable  to  recnti  n  single  'word  appio- 
expraauon  of  their  thoughts. 

then,  the  connection  between  ideas  and  ar- 

ign  is  interrupted   within  the  cerebral  cortex-     la  it 

te  any  region  of  this  cortex,  lesions  in  which  are 

■nied  by  nphaaie  symptoma  ?  nr,  in  other  wordii, 

of  articulate  apeeeli,  ao  f ar  ua  this  consists  in  tha 

and  aaocesafulty  to  will  its  acoustic  and  lisual 

I  in  tbff  cerebral  hemispheres  ?     In  answer  to 

muat  l»e  adjoitted  that  no  oltKoliUe  iield  for  aphoaia 

oat ;  that  is,  bendea  the  region  where  lesions  are 

'  bu  tbe  greater  number  of  coses  with  aphasio  dia- 

T  ragfiona  of  the  cerebral  hemiapherea  only  toma- 

~  mny  b«  poiBt«<]  out. 

Iwga  psteenUge  of  ouea  of  disturbance  of  speech  due 

tlw  posterior  thinl  of  the  third  frontal  oonvolu- 

otlwr  rngiona  bcinlering  on  the  fissure  o(  Sylnas 

and  immediately  adjacent  jutrts  of  the  parielul  and 

l)  ere  tbt  fleat  of  the  losionsi     Aphasia  is  far  more 

to  dmagc*  In  the  li-fi  thnu  in  Uio  right  hemisphero 

~     Segnio.  out  of  2C0  canes,  colculatwl  the  projior- 

Ine  to  Ivnoni!  on  tlie  li-ft  in/h;  nn  compared  with 

la  on  the  right,  to  be  aa  243  ;  17  or  14.3  :  1.    Such 

)  great  lo  bo  attributed  to  the  comparative  (r»- 

'hieh  the  left  hemisphere  in  general  is  tlio  seat  of 

In  Kxner'e '  eoUectiou  of  i^aaea,  out  of  31  lexintm  mmilting 

an  but  OIM  were  on  the  loft  hemisphere  (in  three  coaeii, 

the  riglit  was  alaa  tn*olvr-d),  and  in  that  one  the  (rouble 

tamporanr.     Soeh  fiula  have  li>d  to  the  tht^ory  that,  in  all 

baiMlnl  men.  epeech,  lilifi  olhi-r  motor  fnnrtionn,  if*  chiefly 

rf-markabU  ease*  of  Ivft-handol  people  who  haTe  be- 

tfaronf  h  leaiofw  on  the  right  hemiapheni  an  aotiuQjr 


>■  In  d.  nTowlilnirtni]*,  p  tl  f. 
lal  ksd  hia  aiUiioDi.  p.  T3S  L 
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Of  the  left  hemisphere,  the  gyrus  centralis  anterior  and  the 
adjacent  convolutions  of  the  frontal  lobe,  but  especially  the  pos- 
terior part  of  the  third  (lower)  convolution,  have  much  the  highest 
intensity  as  seats  of  aphasic  lesions.  In  53  carefully  collected 
cases  by  Lohmeyer,*  50  were  on  the  left  hemisphere,  24  in  the 
lower  frontal  convolution,  34  in  this  convolution  and  neighboring 
pai*ts,  13  in  the  island  and  adjacent  parts,  6  in  the  island  alone. 
Exner*s  collection,  however,  did  not  show  that  the  "  intensity "  of 
the  lower  is  any  greater  than  that  of  the  middle  frontal  convolution, 
or  of  the  two  upper  temporal  convolutiona  This  collection  con- 
tained, moreover,  five  cases  in  which  lesions  were  seated  in  the 
lower  left  frontal  convolution  without  any  resulting  aphasia.  Exner 
therefore  justly  concludes  that  the  "  cortical  field "  of  speech,  like 
the  corresponding  fields  of  all  the  motor  functions,  is  really  much 
more  extended  than  has  generally  been  supposed.  He  is  himself, 
nevertheless,  inclined  to  localize,  yet  more  definitely,  so-called 
"ataxic  aphasia"  in  the  third  frontal  convolution,  "word-deaf- 
ness" in  the  middle  gyrus  temporalis^  and  agraphia  in  the  lower  and 
front  part  of  the  parietal  lobe ;  that  is,  in  the  neighborhood  of 
the  motor  region  for  the  upper  extremitiea  So  specific  localiza- 
tion can  hardly,  however,  be  safely  based  on  the  restricted  number 
of  cases  which  Exner  considered. 

Lohmeyer  gives  2  cases  of  aphasia  following  lesions  in  the  an- 
terior portion  of  the  frontal,  3  in  the  parietal,  and  4  in  the  occipital 
lobe.  Exner  gives  3  cases  in  which  the  central  convolutions  were 
alone  the  seat  of  disease ;  2  in  which  the  temporal  and  parietal 
lobes  were  alone  affected  ;  1  in  which  the  only  lesion  was  in  the  oc- 
cipital lobe.  In  the  only  sense  in  which  the  brain  can  be  spoken 
of  as  the  "  seat  of  the.  faculty  of  articulate  language,"  we  must  ad- 
mit that  the  evidence  confirms  the  following  assumption  of  Kuss- 
maul :  "  It  is,  a  priori^  probable  that  an  enormous  association-tract 
in  the  cortex  has  been  assigned  to  speech,  even  though  the  key- 
board of  sound  may  be  confined  to  the  anterior  cortical  regions." 

§  29.  The  more  ardent  and  positive  advocates  of  the  theoiy 
of  locally  specific  cerebral  functions  find  it  exceedingly  difficult  to 
refrain  from  seating  general  intelligence,  or  the  powers  of  percep- 
tion, memory,  comparison,  etc.,  as  applied  to  all  the  objects  of 
cognition,  in  some  particular  so-called  "  field  "  or  "  area "  of  the 
brain.  At  present  the  frontal  lobes  offer  themselves  as  the  most 
convenient  region  for  such  pre-empting  of  the  cerebral  domain. 
The  general  propriety  of  considering  the  connection  which  un- 
doubtedly exists  between  the  central  nervous  mechanism  and  men- 
I  Archiv  f.  Klin.  Chirurgie,  XIII.,  p.  809,  as  oiled  in  KussmaoL 
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ial  pheiiomexia»  under  any  qxUial  terms  whatever,  will  occupy  our 
attention  later  on.  It  is  enough  at  present  to  say  that  the  experi- 
mental and  pathological  evidence  do  not  warrant  us  in  assigning 
such  pre-eminence  to  the  froutal  lobes.  Extensive  lesions  may  oc- 
cur in  these  lobes  with  Httle  or  no  diminution  of  so-called  general 
intelligence.  On  the  other  hand,  small  lesions  in  other  regions  of 
the  brain  are  not  infrequently  productive  of  comparatively  profound 
mental  derangement  or  loss  of  function.  •  Moreover,  lesions  localized 
in  those  areas  of  the  cerebral  cortex  which  have  thus  far  been  con- 
sidered— namely,  the  parietal,  occipital,  and  temporo-sphenoidal 
lobes — are,  of  necessity,  connected  with  more  or  less  impairment 
of  intelligence. 

There  can  be  no  doubt  that  the  mental  processes  which  we  describe 
by  the  word  "intelligence  "  are  all  closely  related  to  the  basic  sensory 
and  motor  activities  that  are  chiefly  localized  elsewhere  than  in  the 
frontal  lobes.  An  animal  that  is  *'  soul-deaf  "  or  "  soul-blind ''  has, 
BO  far  forth,  an  impaired  intelligCDce.  The  same  thing  is  eminently 
true  of  the  man  afflicted  with  aphasia  in  any  of  its  severer  form& 
The  loss  of  intelligence  is  not  necessarily  (or  even  probably)  due  to 
the  partial  destruction  of  that  functioning  of  the  hemispheres  in 
general  which  results  in  intelligence  ;  it  is  rather  due  to  the  fact 
that  the  support  which  all  ideation  receives  from  the  audible  and 
visible  symbols  of  the  idea — whether  chiefly  as  respects  its  forma- 
tion or  as  respects  its  expression — has  become  impossible.  The 
impairment  of  any  considerable  area  of  tactile  sensatioDS,  especially 
as  localized  in  those  parts  of  the  body  which  are  most  used  in  per- 
ception through  such  sensations  {e.g,,  the  hand),  also  occasions  a 
certain  loss  of  intelligence.  The  restrictions  which  cerebral  disease 
introduces  into  the  number  and  nicety  of  the  sensory  and  motor 
functions  are,  of  course,  much  less  important  when  they  come  upon 
minds  alreadj  furnished,  as  we  say,  **  with  a  stock  of  ideaa"  Still, 
even  in  such  cases  a  basis  of  sensations  and  volitions  constantly 
underUes,  as  it  were,  all  the  higher  and  pre-eminently  intellectual 
mental  processes. 

§  30.  In  spite  of  the  evidence  adduced,  a  few  experimenters  still 
,  either  wholly  reject  the  principle  of  the  localization  of  cerebral 
function,  or  else  urge  arguments  against  carrying  it  out  even  with 
the  limitations  which  the  foregoing  conclusions  have  observed. 
Among  such  experimenters  the  most  prominent  is  perhaps  Gbltz. ' 
The  method  of  extirpation  practised  by  Qoliz  was  that  of  wash- 
iDg  away  the  substance  of  the  cerebrum  by  streams  of  water  sent 

■  See  especially  his  treatises  as  collected  in  the  book,  Uober  d.  Verrichtungen 
d.  GroflshlniB,  Bonn,  1881 ;  and  Pfliiger's  Archie  for  1870,  1877,  ani  1879. 
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throagb  orifices  broken  at  aeleoted  places  in  the  dralls  of  dogs. 
This  method  has  the  advantage  of  saving  bleeding ;  it  has  the  dia- 
advantage  of  not  definitely  localizing  the  injury.  Its  aatfaor  has 
applied  it  with  great  care  and  skill  to  a  large  number  of  animiilii, 
many  of  which  he  has  succeeded  in  keeping  alive  for  months,  even 
after  the  removal  of  considerable  areas  from  both  hemi^heres 
(in  one  instance  the  brainHERibetance,  caloulaled  to  have  weig^ied 
originally  93  grammes,  had  been  reduced  to  13).  The  principal 
conclusions  drawn  from  his  experiments  by  GoHi  are  adverse 
to  the  theories  of  localization  held  by  Ferrier,  Munk,  "Loicaani,  and 
othera 

Qoliz'a  conclusions  may  be  summarized  as  foUowa  No  impair- 
ment of  intelligence  follows  the  loss  of  a  large  amount  of  cortical 
substance  from  one  side  of  the  brain ;  but  loss  of  any  considerable 
amount  of  substance  from  both  sides — whether  in  the  frontal, 
posterior,  or  temporal  lobes — ^produces  a  permanent  impairment  of 
all  the  functions,  which  corresponds  in  a  general  way  to  the  amount 
of  the  loss.  Every  sense,  and  the  intelligence  of  eveiy  sense,  is 
thus  weakened ;  for  the  cerebral  elements  of  sense  are  impaired  or 
destroyed  {Himaehschtcdche,  etc.).  For  example,  a  dog  which  has 
beeu  trained  to  give  his  paw  on  command  loses  the  power  to  do  so 
in  consequeDce  of  such  loss  of  brain-substance,  and  never  regains  it. 
It  is  not  i>o88ible,  by  extirpating  any  amount  of  the  substance  of 
the  cortex  on  either  side  or  on  both  sides,  to  produce  a  permanent 
laming  of  any  muscle  of  the  body,  or  a  total  loss  of  sensibility  in 
any  of  its  parts.  It  is,  however,  possible,  according  to  Gbltz,  by 
repeated  removal  of  the  cerebral  substance  on  both  sides,  gradually 
to  reduce  an  animal  to  a  condition  of  almost  complete  idiocy — ^to 
an  elaborate  eating,  drinking,  and  walking  ''reflex-machine."  Hie 
removal  of  as  much  as  4  grammes  from  each  hemisphere  produces, 
as  he  calculates,  a  considerable  degree  of  idiocy.  No  part  of  the 
cortex  of  the  brain  can,  then,  be  called  the  exdwdve  organ  or  centre 
of  intelligence  or  feeling  ;  but  the  psychical  functions  of  sensation, 
volition,  ideation,  and  thought  are  connected  with  all  of  its  part& 
The  quantity  of  the  cerebral  substance  removed  determines  the 
amount  of  the  general  impairment  of  mental  powers,  instead  of  the 
locality  from  which  the  removal  is  made  fixing  the  qualUy  of  mental 
impairment 

It  muHt  be  admitted  that  the  facts  discovered  by  Goltz,  and  the 

conclusions  which  he  reaches,  seem  at  first  strongly  opposed  to  all 

localization  of  cerebral  function.     But  they  are  not  really  so ;  nor 

is  it  quite  correct  even  to  say,  as  Foster  *  does,  that  Qoltz's  results 

>  A  Text-book  of  Physiologj,  p.  648.    New  York,  1880. 
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blntely  opptwod  "  to  those  of  Munk.  In  fact,  Ooltx '  him- 
*  that  dcatructioii  of  the  purietal  lohos  produces  a  greater 
ml  diatnrbance  of  feeling,  and  tlcmtructioD  of  the  occipital 
k  gTMtar  permniient  disturbance  of  sight.  Id  general,  an 
■•1  opantsd  Upoo  in  the  tvo  hiod-quarters  of  the  Mrebrutn  is 
•  stupiid  Uuu  one  which  has  ouffercd  loss  of  the  for«  (juorters ; 
fffrtinw  iB  duller  of  sight,  hearing,  smell,  and  tnste ;  the  latter  is 
■  in  mpoet  to  skin-aeiisBtions.  TUe  effect  of  injury  to  the 
r  pftits  of  the  brain  is  therefore  )nut.-b  more  inarkod  in  de- 
g  the  intelligenM  of  the  animal  (as  shown  in  iwnac-percep- 
HonoTtrr,  Oollz  *  claims  that  he  has  never  rejected  the 
Uf  of  m  localiation  of  the  functions  of  the  brain.  He  con- 
Ima*  the  condmioDS  of  Fritsch  and  Hitzig,  hy  saying  that  he  Uaa 
nthm  MCB  mteAjmiro/  vxcitntion  of  tha  parietal  lobes  produce  mo- 
tin*  fai  tb«  Umba  of  the  opposite  side.  His  facts  and  orgumeuts 
a*  Tt/tber  directed  against  thai  form  of  the  hy|>othesis  of  localiza- 
tiOB  whiefa  BMta  the  different  functions  in  small  circumBcribed 
■TMB  *  Uid  then,  vh«n  forced  by  facts,  conceives  of  them  iis  also  cn- 
fthtm  at  bopptn;;  about  from  one  of  these  areas  to  another,  tike  a 
lird  tmta  twig  to  tnig  in  tli«  branches  of  a  tree.  Furtliermoi-e,  n 
datailad  oomp«ri*»D  of  the  experiments  of  Ooltz  with  thoito  even 
«f  Monk  abdW*  that  the  results  of  the  two  are  in  the  main  recon- 
rfliMa:  if  only  it  bo  remembered  that  the  former  has  iiot  always 
padMlj  deAned  the  areaa  of  brnin-subataiice  removed,  Dor  suffi- 
(Mitty  taken  into  account  tlio  undoubted  reanlta  obtained  by  others 
Imm  Jatnitaly  Ptrcninacribed  Icsiona ;  and  that  tltti  Utter  has,  eer- 
iMnly,  in  amaj  ooMa  been  more  precise  and  confident  than  a  fair 
WW  of  all  llw  tacts  will  warrant. 

(8L  lime  pvioeiplM  may  be  laid  down  as  summing  up  the 
I— iilu  marhri!  by  inference  upon  the  basis  of  experiment  with 
nmyaet  to  the  loealiiation  of  function  in  the  t'crebnd  cortex.'  The 
ftnt  ptioei|4e  i«  to  be  accupted  iu  the  form  of  a  general  postulate 
Amied  traa  a  study  of  the  other  {>arts  of  the  nervous  HyMt«in,  and 
aoiinaed  on  attempting  to  apply  it  to  the  riirubral  hemispherea. 
k  maj  be  rtated  m  tnllowR  :  the  different  elementary  porta  of  the 
■moae  ejataui  are  all  capable  of  performing  its  difleront  apociSo 
tamMima  wben,  and  only  when,  Uiey  have  been  brought  into  tlio 
a  and  have  been  eierctaed  in  the  performance  of 


»  4.  anmmhlTJiM,  fp.  lU  f   and  190 1:  and  art    In  PdaRMi 
'.  Bul*..  p|i  UO  B. 

a  4.  OnMklnu.  p.  103.    '  IMd  ,  p   lA-V    *  Iblit.  |>.  IKS 
>  tW   it*   fTBtni   law*   of  cimlml  tDDotlons  glvan  by  Wntult, 
»  A  phjsWac,  ISjehotogl*,   L,  p.  1^24  1 
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those  functions.  This  prineiple  indndea  two  important  laws  wUdi, 
we  know,  hold  good  throughout  the  whole  nervous  mechanism,  and 
which  lie  at  the  physical  basis  of  important  psychical  facts  and  laws ; 
they  are  the  law  of  Specific  Energy  and  ike  law  of  HabiL  Different 
combinations  of  the  elementary  parts  of  the  nervous  system,  form- 
ing composite  parts  or  organs,  have  different  values  imd  functions 
in  the  general  economy  of  the  systeuL  Every  nerve-fibre,  every  ele- 
ment of  an  end-organ,  or  of  a  central  organ,  may  be  said  to  have  a 
specific  function,  and  to  discharge  that  function  in  the  exercise  of 
a  specific  energy.  As  to  how  far  the  capacity  for  this  specific  energy 
is  dependent  upon  the  specific  molecular  structure  of  the  element- 
ary parts,  wo  are  only  able  to  conjecture ;  but  about  its  depend- 
ence upon  the  connections  in  which  the  elementary  parts  stand  vrith 
each  other,  there  can  be  no  doubt 

Moreover,  the  elementary  parts  of  the  nervous  system,  inasmuch 
as  they  have  the  general  adaptation  necessary  to  the  performance 
of  nervous  functions,  can  "  learn  "  (so  to  speak)  to  perform  the 
more  si^ecific  of  these  functions — but  only  in  case  they  stand 
appropriate  connections.     The  repeated  action  of  the  nervous  el 
menlB  in  8|>ccific  functions  fits  them  the  better  to  act  in  the 


functions.     The  effect  of  the  exercise  of  any  function  in  the 
may  be  ^*  stored  up  "  so  as  to  increase  the  facihty  of  the  nervou^g^  ^* 
structure  to  exercise  again  every  similar  function.     Thus,  different  -^^ 
element^iry  parts  of  the  nervous  system,  if  at  first  forced  by  circum- 
stances to  become  active  in  a  given  way,  may  by  repeating 
activity  ^aiu  a  i)osition  of  facility  and  value  like  that  belonging 
other  ptirts  whose  so-called  normal  action  hes  in  this 
way.     Til  is  law  of  habit  in  the  nervous  system  explains  much  ol 
the  behavior  of  the  nerve-muscle  machine,  or  of  the  decapil 
frog,  etc.,  under  artificial  stimuli ;  it  also  underhesthe  theory  of  th^^  -^ 
sensor^^-niotor  effects  attributed  to  centres  in  the  spinal  cord  an( 
basal  gaii<^lia  ;  it  throws  light  upon  the  physical  basis  of  our  ex- 
perience in  learning  to  walk,  talk,  play  upon  musical  instrumenhu^"  *^» 
or  handle  tools,  as  well  as  upon  the  transmission  from  generatioi 
to  generation  of  minute  bodily  characteristica     Both  the  law  o: 
specific  energy  and  the  law  of  habit  undoubtedly  apply  to  the 
tions  of  the  cerebral  cortex. 

The  remaining  two  of  the  three  principles  alluded  to  above  nur^ 
be  said  to  follow  from  the  first ;  they  are  the  principle  of  localize^^ 
function  and  the  principle  of  substitution.     The  former  asserts 
that,  in  the  normal  condition  of  the  nervous  system,  all  parts  hav0 
not  the  same  definite  functions.     Inasmuch  as  the  functions  of  the 
different  elementary  parts  necessarily  depend  upon  the  manner 


NATURE  OF  THE  CEREBRAL  "FIELDS."  801 

in  which  they  are  combined  and  connected,  the  composite  parts 
or  organs  thus  formed  must  also  have  certain  normal  funoUona 
Bat  sach  composite  parts  or  organs  have,  of  course,  a  definite  local- 
ity ;  hence  the  functions  of  the  nervous  mechanism  must  be  more 
or  less  definitely  localized.  Nor  can  the  principle  be  suspected 
of  a  disposition  to  stop  short  off  and  abdicate  its  authority,  when 
we  reach  the  region  of  the  cerebral  cortex.  There  is  nothing  in 
the  structure  of  the  cortex  to  show  why  the  general  law  of  differen- 
tiation of  function  should  be  inapplicable  there.  On  the  contrary, 
everything  in  both  its  anatomy  and  physiology  indicates  that  the 
principle  of  localized  function  does  apply,  in  some  sort,  to  the  cere- 
bral hemisphere& 

So-called  "  centres,'*  or  *'  areas,"  or  *'  fields,"  of  the  cerebrum  are 
in  no  case,  however,  to  be  regarded  as  portions  of  its  nervous  sub- 
stance that  can  be  marked  off  by  fixed  lines  for  the  confinement 
of  definite  functions  within  rigid  limit&  These  areas  are  some- 
what different  for  different  brains  of  the  same  species  ;  they  widen 
when  a  heightened  energy  is  demanded  of  them;  their  centres 
are  neither  mathematical  points  nor  very  minute  collections  of 
cells.  They  are  not  composed  of  elements  which  have,  each  one, 
a  fixed  and  unchangeable  value,  and  a  definite  function,  as  though 
the  number  of  mental  operations  assigned  to  a  locality  needed  to 
be  precisely  matched  by  the  separate  nerve-fibres  and  nerve-cells  of 
the  locality.  Nor  are  these  areas  perfectly  isolated  localities  ;  on 
ihe  contrary,  they  obviously  overlap  each  other  in  certain  case& 
According  to  the  true  statement  of  Luciani,  "  the  single  centres 
in  the  sensory-motor  zone  are  so  completely  bound  up  with,  and, 
so  to  speak,  let  into  one  another,  that  it  is  not  possible  to  divide 
them  vnth  a  clear  and  definite  line,  such  as  is  the  case  when  the 
cortex  is  incised  and  removed  ;  so  that  in  destroying  a  centre  one 
necessarily  eliminates  a  portion  of  the  neighboring  centrea"  Nev- 
ertheless, there  is  no  doubt  that  the  cerebral  functions  connected 
vnth  the  different  sensations  and  motions  of  the  peripheral  parts  of 
the  body  are  not  all  alike  exercised  by  all  parts  of  the  cerebrum. 
They  are  assigned  specifically  to  those  regions  which  alone  have  tlie 
proper  structure  and  stand  in  the  proper  relatione 

Furthermore,  the  functions  of  the  cerebrum  are  not  absolutely 
confined  to  those  centres  with  which,  under  ordinary  circumstances, 
they  are  chiefly  or  wholly  connected  ;  in  which,  that  is  to  say,  they 
are  localized.  If  such  centres,  for  any  reason,  become  incapacitated 
or  relatively  unfitted  to  perform  their  normal  functions,  the  same 
functions  may  be  performed  by  other  areas  of  the  cerebral  cortex, 
provided  these  areas  also  stand  in  the  proper  connections.     This 
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is  the  principle  of  sabeiitntion.  It  is  doe  to  its  woridng  that 
animals  subjected  to  experiments  in  extirpation,  as  a  role,  so 
largely  recover  the  powers  of  sensation  or  motion  which  they  have 
temporarily  lost  It  is  on  this  class  of  phenomena  thai  Goltz  rests 
much  of  his  argument  In  the  cerebral  hemispheres,  howcTer,  the 
principle  of  substitution  does  not  overstep  all  limits^  nor  does  it 
operate  arbitrarily.  The  portions  of  the  same  hemisphere  that 
are  just  adjacent  to  the  so-called  centres — the  larger  areas  sur- 
rounding or  contiguous  to  the  smaller — and,  on  account  of  its  bi- 
lateral structure,  the  corresponding  portions  of  the  other  hemi- 
sphere, are  in  general  those  best  capable  of  exercising  such  substi- 
tutive functions.  It  may  be  doubted  whether  these  portions  do 
not,  in  all  ordinary  cases,  cover  the  entire  limits  within  which  thi 
principle  of  substitution  can  act  Such  substitutive  functions  im 
prove  under  the  law  of  habit  to  which  the  organs  of  the 
cortex  are  subjected. 

The  connections  between  the  different  cerebral  areas  and 
functions  are  so  complex  and  subtile  that  physiological  science 
need  a  long  time  to  disentangle  them  ;  it  may  be  doubted  whether- 
it  will  ever  succeed  in  doing  this  completely.    The  connections 
among  the  phenomena  of  conscious  sensation,  volition, 
and  thougbt  are  at  least  equally  subtile  and  complex.     Will 
cbology  ever  disentangle  these  connections  ? 

The  bearing  of  the  subject  on  our  conclusions  concerning 
nature  of  the  mind  and  its  connection  with  the  body  will  be  oo 
sidered  elsewhere. 
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THE  QDALm  OF  SENSATIONS. 

{[  1.  Thi  worM  of  ordinate  experience  consists  of  a  great  number 
'-  things  "  that  are  known  to  ub  by  their  diatmgniahing 
AltluMiifh  each  one  of  these  tbinga  ia  believed  to  be  a 
e  Fiiflleuce.  they  are  all  perceived  as  having  certain  common 
~  dt>nBt«ristii!«,  iinil  as  standing  in  cortuiti  rclaliuns  to  each  other, 
of  vpaM,  linir,  and  artiiin.  It  is  with  the  things,  their  common 
ipwlititi  And  mutual  relations,  that  unreflecting  ))ructical  life  is 
otneAjr  coBCwned.  But  even  without  special  reflection,  everyone 
Imw  tl»t  hii  koowledgo  of  such  external  objects  depends  upon 
the  Idttd  and  6tigne  of  tlie  effect  they  exercise  upon  hia  conscious- 
M«  tkrongh  Um  senaea.  Attention  is  thus  turned  from  the  things 
thnatlvaa  to  tho  aenjationa  pro<lnccd  lu  us  by  their  action.  The 
Wiafy  of  lOdl  Hnaatjons,  at  first  I>ewil(lcnngly  great,  is  soon  re- 
^Hed  lo  aofne  order  by  a  elassiflcatiou  referring  thcui  to  the  dif> 
^Ht  orgaiui  tfaronf^  whioh  they  come,  Tims,  certain  sensations 
^  Ne«i*Ml  through  the  noae,  others  tlirough  the  mouth,  the  ear, 
*^  fjc,  or  the  akiti — especially  aa  covering  that  part  tif  the  body 
f4«  toa«f)  which  is  most  active  in  touch.  Smell,  taste,  hearing, 
*4^1.  sod  toach  are  the  flvs  claBses  of  aensation,  as  Uie  grouping 
"*  tiii  by  the  onprejadioed  judgment  of  ail. 

A  farther  roa^  end  MieDtiflcally  iiiadotiuate  cinssili cation  takes 
Mftai  BBODg  the  eeneations  of  tlie  mute  sense.  Tliotie  of  amell,  in- 
***^,  Adj  deMillesttOB,  whether  popular  or  scientific.  Among 
^^Vi^  tfaa  mott  familiar  ore  easily  dietingaiabed ;  such  an  the 
*^^rt,  the  eoor,  uu]  tbo  bitter.  The  two  principal  rlnsnfs  of  Muua- 
^^Ma  of  KiatMl  are  easily  discriminated,  aa  either  noisea  or  maaoal 
T^^aa ;  the  lomar  are  f  urthar  clasiifiod  lu  reepeota  the  character  of 
7^*  fwlJBH  which  acoompaniea  them,  and  the  latter  aa  high  or  low 
^  fileh.  The  dUbrent  more  prominent  colon — including  blade 
^^4  whito— an  i*BO|piKed  by  all  persona  of  normal  vision  aa 
^*4sa  of  the  ■eitaatioBa  of  eight ;  hence  the  colors  commonly 
^^Vid,  aad  the  ttriona  aO'«allod  "ahodeti "  of  theae  colon.  That 
abM  of  ■anntioDa  ariae  through  the  akin  ia  ahown 
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by  the  popular  use  of  the  word  to  "  feeL"    Things/ee^  hard  and 
soft,  smooth  and  rough,  as  well  as  warm  and  cold.     But  things  are 
also  said  to  feel  heavy  or  light     The  feeling  by  which  their  weight, 
is  estimated,  however,  is  only  ascribed  in  a  very  indefinite  way  to 
the  parts  of  the  body  that  are  chiefly  concerned  in  passively  sup- 
porting, or  actively  lifting,  or  pushing  against  their  weight     The 
particular  use  of  tactual  feeling,  as  well  as  the  general  use  of  the 
muscular  sense,  in  gaining  this  class  of  sensations  is  little  noticed 
by  ordinary  reflection. 

§  2.  All  the  sensations  are  also  regarded  as  having  some  place 
in  a  scale  of  degrees  of  sensation  ;  they  are  either  strong  or  faint, 
or  else  lie  somewhere  between  the  two  extremes.  They  are  also 
habitually  thought  of  as  related  in  time,  and  as  being  connected 
with  the  motion  in  space  of  the  objects  that  occasion  them.  Of 
the  molecular  action  of  their  stimuli  upon  the  end-organs  of  special 
sense  ;  of  the  hidden  chemical,  electrical,  or  other  processes  con- 
nected with  the  activity  of  the  peripheral  and  central  nervous  sys- 
tem ;  of  the  physiological,  psycho-physical,  and  psychological  laws 
under  which  the  mind  reacts  in  the  form  of  simple  sensations,  and 
combines  these  sensations  into  the  composite  objects  of  sense  ;  of 
all  these  and  other  similar  matters,  the  unreflecting  conception  of 
sensation  takes  no  account 

§  3.  It  is  obvious  that  the  analysis  of  sense-percepts  which  suf- 
fices for  working-^ay  life  will  in  no  respect  answer  the  demands  of 
science.     Its  "  common-sense  "  character  is  a  distinct  mark  of  its 
inadequacy.     An  adequate  scientific  treatment  of  this  branch  of 
Physiological  Psychology  requires  at  least  four  things  :  (1)  to  dis- 
tinguish tlie  simple  sensations  from  those  complex  objects  of  experi- 
ence with  which  alone  our  adult  consciousness  is  familiar  ;  (2)  to 
point  out  the  varieties  of  quality  and  degrees  of  quantity  whidi  be- 
long to  these  sensations,  and  to  discover  the  laws  which  relate  them  - 
to  changes  in  the  form  and  intensity  of  their  stimuli ;  (3)  to  show — 
how  the  simple  sensations  are  constructed  by  the  mind  into  the 
called  '*  presentations  of  sense ''  imder  mental  laws  of  time-foi 
and  space-form  ;  and  (4)  to  indicate  how  far,  if  at  all,  the  highe^v 
mental  activities  of  association,  memory,  will,  and  judgment^  ma^Mg 
be  brought  under  laws  similar  to  those  upon  which  the  formatio^K 
of  these  presentations  of  sense  depends.     It  is  upon  these  foim^' 
heads  of  inquiry  that  modem  psychology,  as  studied  from 
psycho-physical  point  of  view,  has  expended  most  of  its 
ing  researches.     Its  success  has  been  by  no  means  complete, 
these  fields  of  inquiry  still  include  many  unanswered  questions ; 
of  them  present  the  results  of  researches  that  seem  in  various 
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Y«t  it  in  preciB^Iy  in  these  fields  that  modem 
bisved  its  most  brilliant  successes.  It  lins  tlirowu 
^iBodof  DMr  Ugbt  npoD  the  essentinl  uuture  aiid  growtli  of  Lu- 
aum  experimiM:  It  hoa  profoondly  influenced  the  ouireut  viewa 
ea  nstKpbjmo.  It  liaa  <Mntnbiil«d  important  factors  toward  th« 
•olntioti  of  otTtain  questions  of  interest  to  ethics  aiid  religion.  It 
h»»  friTTD  us  a  new  point  of  view  for  renewiug  Iho  ancient  debate 
bctwscD  UatriiiUsni  tuid  Spiritiialiitm. 

§  4.  Tbs  ilintiiietionB  with  which  Bci<;iitific  ruiaJyus  begins  are  to 
k  lafgs  extent  neeived  from  ordinary  experience.  Homo  of  the 
laoat  ■Munntiil  of  the  diatinctions  are  confimied  by  the  results  of 
tlUa  Koaljak.  Tbey  idl,  however,  reiiuiro  to  be  carried  farther  and 
ta  be  fixed  with  inudi  more  of  accuracy  than  belongs  to  the  im- 
pnaiiaao  of  cnmmoti  Ufv.  Now  dbrtiiK^tinns  also  have  to  bo  intro- 
duesd.  For  exaiii{i)si,  acieutific  luvestigation  maintains  the  differ- 
«Me  between  aanmticitis  of  amell  and  sensntiona  of  taste ;  but  it 
pifnift  oat  what  ia  not  ordinarily  apparent — nntncly,  Oiat  certaio 
SHitfta  Mntiaonly  referred  to  tlie  latter  ttenso  really  belong  to  tlie 
JWUKT.  It  also  adtls  the  sensations  of  the  muscular  sense  to  the 
«Ihms  pnpularly  deseribnd  ;  and  it  disoriminntos  more  clearly  be- 
Mmu  Iwo  dbtinct  kiuda  nf  sensation  that  have  the  skiu  for  their 
af|n~ namely,  teaipomiHre  and  pressure. 

nQeb^phyaical  acieuce,  moreover,  occepta  the  common  distino- 
CiM  between  tbe  quality  and  the  quantity  of  the  different  sensa- 
Uoa^  Bat  it  dwrribes  with  all  poesible  accuracy  tlio  Hmita  withia 
*tiiib  alooa  tbis  diatinotioii  oan  be  carried  out.  It  nhnwa  that  the 
TOlkj  bimI  qnantity  of  aenaatioii  ore  inaapombly  connected ;  that, 
*  Lmz*  Ixdd  (a  view  ei>tifirmed  by  von  Kriea  and  others),  changea 
*"  qntity  an  be  diatingnished  from  changes  in  intensity,  with 
t  ronfidnneo,  osdy  in  the  nsM)  of  seusatioiia  of  hitoring.  It  ia 
e  that  even  here  the  dtsUuction  is  largely  mode  on  the  boaia 
X  esprrioDoai  Tny  inteiuio  scnnationit  of  lioat  and  cold  ea 
'^  dmge  their  epeeUeehancter  as  to  tend  to  pttaa  into  each  utber, 
^'-  ptrteifi^  to  beooKM  mbraerged  in  a  common  tone  of  painful 
~^*bf.  Uuuintim  emiMHnnn  of  heat  and  pn-w<uro  an>  difBcult  to 
^^MtnintUi  from  each  other ;  moiimum  Heunatlotis  of  preuruni  are 
^■eii  In  loee  tbe  eharaeteristio  quality  of  touch  and  be  displaced 
cif  peliL  To  tr«<tt  sci  en  tilt  colly  of  the  quality  of 
I  require^  tbnn.  a  large  amotiut  of  the  most  careful 


fa.  b  ie  aMratiat,  in  the  first  phwe.  to  distinguish  "aimple 
^^MbDoa'  fkm  "  prMenlations  of  eMiae,'*or  those  compbx  ob> 
^ti  tl  nil—  iimwiiise  which  result  trom  ao  act  of  mental  ejntbene 
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on  the  basis  of  seTeral  sinaaltaneons  afieetions  of  sense.     As  recpects 
develojit^  exjierieuce.  the  fimpU  sensation  is  a  necessary  fiction  of  ^<:z)f 
pdvcb«>-phy»ical  science.     Consdouaness  is  scarcely  more  able  di-  — ^  J- 
rectly  to  analyze  a  presentation  of  sense  into  those  factors  out  of^c3>f 
which  it  origiziatevl  than  it  La  to  analyze  a  drop  of  water  into  i\ 
cumponeiit  oxypreu  and  hydrogen  gasea     Simple  sensationsi 
fore,  are  not  objects  which  can  be  examined  in  the  direct  light  o&«3of 
intros|)ectioii.     Yet  they  are  factors  which,  as  scientific  anal] 
showtv  actually  ectc-r  into  all  such  objects  as  can  properly  be  spokei 
of  undt-r  the  term  **  presentations  of  sense."    Any  sensation  whicfazC -zi?!! 
is  :i1>>4>luti-ly  uuanalyzable  with  respect  to  distinctions  of  quality.  ~a^T, 
and  which,  therefore,  cannot  be  considered  as  consisting  of  com-  .csoi. 
{Minent  jiarts,  is  caUed  simi>le.     It  is  distinguished  as  a  ifensaiior^  ^^j)n 
from  all  other  elementary  forms  of  feeling  or  knowledge,  by  tbi 
rf-latiou  which  it  sustains  to  the  presentations  of  sense.     A  sem 
tion,  unlike  the  feeling  of  grief,  of  desire,  or  of  weariness,  etc,  is  a 

ix)tenti:il  factor  of  a  material  object     Through  the  senses  we  kno^^    w 
**  thiiiprs  ;  "  not,  in«loed.  as  though  they  appeared  before  the  min         d 
by  iniinevliatc  apprehension  in  the  form  of  exact  copies  of  extr^^s- 
mental  realities.     But  every  sensation  is  an  affection  of  the  *"'»*      d 
recognized  as  connecteil  with  an  extra-mental  reality,  through  tln^^ 
activity  of  the   senses.     Simple  sensations  are  those  elementa^r^ 
factors,  themselves  indecomposable,  out  of  which  the  presentatiodi^a 
of  sense  are  coniix>8ed.     The  objects  of  sense,  however,  do  not  ha"^^® 
the  chanicter  of  inrre  compoumls  of  simple  sensations.     Sensatios 
must  not  only  be  associated  and  compounded,  but  also 
and  projected  without  (that  is,  set  in  systematic  relations  of 
form),  in  order  to  constitute  the  objects  of  sense. 

g  ().  The  forep^oing  remarks  suffice  to  indicate,  in  a  prelimin^' 
way,  what  is  the  nature  and  value  of  the  psycho-physical  invev 
gation  of  sensiition.     Wc  inquire,  in  the  next  two  chapters,  as 
the  Quality  of  Sensations.     The  inquiry,  when  conducted  from  t 
psycho-physical  ]M)int  of  riew,  involves  an  answer  to  three  questiotB-^ 
(1)  AVliat  is  the  precise  locality  in  the  organism  where  the  speci 
excitation  which  occasions  each  kind  of  sensation  originates ; 
what  is  the  nature  of  the  action  of  the  stimulus  in  producing  sxm^ 
excitation?  {2)  What  are  the  kinds  of  sensations  which  appear 
consciousness  ns  the  result  of  the  various  excitations?  (3)  What 
the  laws  by  which  the  quality  of  the  sensations  is  related  to  tb^ 
kinds  of  excitation?    Neither  of  these   three  questions  can   ^ 
answered  completely.     The  investigation  of  the  first  is  much  f^ 
stricted  by  our  almost  complete  ignorance  of  those  processes  in 
the  central  organs  that  ore  in  all  cases  the  proximate  inteioil 
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II  or  (mnMduta  utccftdente  of  the  Kuaations.  Moreover,  our 
)  of  the  iiidiQ&t«  structure  of  the  end-organs  of  aeiise. 
i  of  Uw  Doturo  of  ILe  phjeicol  processes  which  excite  them,  !■ 
11  nry  Incomplete.  The  <]et«ction  of  obscure  but  important  dif- 
rMBHPim  in  th«  iiuuliti«H  of  conecioua  states  of  sensation  is  by  du 
MHwm  «Bsj :  it  rctjuirea  great  skill,  stiiot  and  traine^l  attention, 
■Dd  onamrd  n'tn-tition  of  experimeDt.  But  these  conditions  of 
■Dona  bafc  a  Rivat  wllibct  in  altering  the  quality  of  the  liensationa 
Hwmtnlw.  Uendea  all  this,  remarkable  idiosyncrasies  not  infre- 
qnaaUj  appiKr ;  and  language  can  only  imperfectly  describe  even 
itm  mcMt  eomiDou  faetoni  of  the  varied  and  living  experiences  with 
»kkk  m«Doe  ttin  to  d«aL 

Xb  tnntatigating  the  lawa  that  define  the  relnlions  between  our 
anbfMltit*  I'spericncc,  calttnl  wtisatiou,  aud  objectiTe  phenomena 
ia  tiw  abapc  of  physical  energy  acting  upon  the  nervous  mechanism, 
Iherv  ia  ndrn  tlm  greatuiat  tioubt  as  to  nhat  mnnuer  of  laws  are  be- 
■Bg  uiTiwtigBted.  They  may  be  considered  as  purely  physiological, 
(T  M  fMTidiD-phyidcal,  or  as  purely  paychologicul.  It  in  not  8trangf>, 
lh«nfonr,  tliul  different  theoriea  mist  fur  uoi-uuntiug  for  all  the 
an*  important  groups  of  facts,  depending  upon  th«  emphasis  laid 
lijp  dtflirmit  invvatigalors  npon  tlie  vidiie  of  each  of  the  tliree  possi- 
\M  bhmIu  of  upluuiUoD.  The  truth  ia,  that  ^nch  seiisatiou  is  at-yiA- 
ntad  lij  a  iwiea  of  iutricate  physiological  aud  psychical  procesaea 
fnaa  lh«  ai^lMstioii  of  tlic  stimulus  iu  the  gross,  aa  it  were,  to  tbo 
mi^wjiiut  uf  MUM. 

1 7.  Iba  authority  of  one  great  law  ia  involved,   aa  a  ailent 

■Maptiun,  in  all  diacuwiion  of  Um  cjuality  of  sensaliniia     This  law 

'•bmwii  fts  the  law  of  the  Specific  Energy  of  the  Nervea.     It  baa 

'''^y  baam  abown  fl'ort  L,  cliap.  L,  §  3Sf  that  any  such  dis- 

tifcu^mi  at  the  kinda  of  nerre-flbrea  aa  denies  thi'ir  poaaawion  of 

^^noa  ftinetiooa  ouiaot  be  maintained.     But  the  pbanomemi 

1  flanikot  b«  vsplniued  without  a  much  innrw  extended 

I  of  Hits  law  thma  baa  thus  far  been  found  uoueaaar^. 

a  of  quality  in  aenaatioQ  dopoud  upon  the  excitatioD  of 

y aiding  •Ivnwnta  of  the  uonroua  Myatrin.    That  ontj 

k  apUa  iMfTe  la  eapabla,  when  excited,  of  euirciaiug  the  phjaio- 

d  (miction  upon  which  unaationa  of  light  and  color  depend, 

*^ta  not  adioit  of  doubt ;  the  «amu  Rjinriric  <|uahly  cannot  be 

^^iatl  m  the  (uDcttiinal  activity  of  the  nerves  of  smell,  ta«t«,'  bear- 

^^  and  loorii.     Utmover,  in  the  end-orpuia  of  each  of  tlii-ae 

k  pru*innn  must  be  made  for  a  further  diflercntiation  of 

What  ia  lh«  nature  of  the  evidence,  and  what  couctu- 

a  mail  ba  drawn  bom  it,  wiU  be  beat  upprodatcd  ut  a  later  pe- 
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riod  in  the  discussion.     Meantime  we  find  onrselTee  obliged  to  m- 
sume  the  existence  of  some  law  of  the  specific  energy  of  the  nerves 
.  of  special  sense. 

§  8.  Little  of  a  scientific  character  is  known  concerning  Senaa- 
tions  of  Smell,  considered  as  rei^>ect8  their  quality.      Anatomj, 
chemistry,  and  physics  fail  to  furnish  definite  information  on  tlds 
point ;  experimental  physiology  as  applied  to  the  lower  anittMila  ig, 
of  course,  unsatisfactory ;  and  the  appeal  to  human  conscioosnen 
asks  for  an  analysis  of  which  it  is  incapable.     It  has  already  hean 
shown  (Part  L,  Chap.  Y.)  that  the  part  of  the  mucous  memlmme 
of  the  nasal  passages  known  as  regio  ol/actnria  contains  the  end- 
organs  of  smell ;  the  specific  stimulus  of  the  organs  in  this  region 
is  applied  as  borne  thither  by  the  current  of  air,  and  almost,  if  not 
quite,  exclusively  in  the  act  of  inspiration.     In  order  that  any  sub- 
stance may  act  tlirough  the  end-organs  on  the  nerre  (ol/actorius) 
which  is  spread  out  in  this  region,  it  must  either  exist  in  gaseous 
form  or  else  be  vaporizable  under  given  conditions  of  temperature. 
The  degree  of  temperature  at  which  different  substances  become 
odorous  therefore  varies  according  to  their  physical  characteristica 
For  example,  arsenic,  which  at  ordinary  temperatures  is  inodorom^ 
when  raised  to  a  dark-red  heat  is  vaporized  and  the  vapor  exdtefi 
an    intense  sensation  of  smclL      Fluid  bodies  which  give  off  an 
odorous  reck,  when  brought  in  fluid  form  into  contact  with  the 
mucous  membrane  of  the  regio  olfactoria  have  no  smell ;  if  tfaiB 
niembrano  is  soaked  in  fluid  of  any  kind  whatever,  it  loses  fort 
time  the  capacity  to  be  excited  with  olfactory  impressions.     £b  E 
Weber '  disoovereil  that  if  the  head  be  placed  with  the  noetnb 
pointing  upward,  and  the  nasal  passages  be  then  fiUed  with  pore 
water,  sweetened  water,  or  a  mixture  of  water  and  eau  de  Colognei 
after  tliese  passages  are  emptied  the  sense  of  smell  is,  in  all  cases, 
temporaiilv  lost ;  even  when  Cologne  is  used,  with  the  exception 
of  the  instint  at  which  the  fluid  is  poured  in,  no  odor  can  be  per- 
ceived.    Subsequent  observers  have  confirmed  the  experimento  of 
Weber.     One  investigator  *  lost  all  sense  of  smell,  even  for  acetic 
acid  and  ammonia,  for  a  period  of  half  a  minute  ;  another  for  five 
minutes,  and  the  sense  in  its  full  acuteness  did  not  return  for  neaily 
half  an  hour.     Whether  this  effect  of  the  fluid  is  due  to  impair- 
ment of  the  end-apparatus  of  smell  by  soaking  it  (so  Valentin),  or 
to  the  mechanical  bai-rier  which  the  layer  of  foreign  subetancee 
interposes  between  the  odorous  partides  and  this  apparatus  (so 
Frohlich),  we  cannot  say  ;  it  may  be  due  to  both  causes.     Ck>ntru7 

»  S«e  Archiv  f.  Anat ,  Phvsiol.,  etc.,  1847,  p.  257. 

«  Frohlich,  in  Sitigsber.  d.  Wiener  Acad.,  1851,  YL,  p.  881. 
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to  the  oflseition  of  Wnndt,'  that  probably  no  gases  or  vapors,  except 
atmospheric  air  and  its  constituents,  are  absolutely  inodorous,  so 
far  as  we  have  present  information  a  number  of  gaseous  and  va- 
porizable  substances  are  so ;  and  no  reason  is  known  for  such 
apparent  exceptions  to  the  rule. 

§  9.  The  stimulus  of  smell  is  supposed  to  consist  in  certain  ex- 
ceedingly minute  particles  contained  in  the  odorous  gas  or  vapor 
which  is  drawn  in  with  the  current  of  air  over  the  mucous  mem- 
brane of  the  regio  olfactoria.  The  question  is  as  yet  scarcely  de- 
cided, whether  other  forms  of  stimulus,  besides  these  odorous 
particles— mechanical,  electrical,  thermic,  or  so-called  subjective — 
can  excite  the  sensation  of  smelL  The  older  experimenters  (Volta, 
Pia£^  Fowler,  and  Humboldt)  failed  to  obtain  any  certain  proof 
that  the  electrical  current  is  an  excitant  of  this  sense.  In  one  place, 
however,  Pfaff  speaks  of  a  sensation  resembling  the  smell  of  sul- 
phur as  caused  by  the  application  of  electricity  to  the  sensory  pas- 
sages of  the  nosa  Ritter  (in  1798)  experimented  by  using  bits  of 
graphite  and  zinc  thrust  into  these  passages,  and  also  by  holding 
one  pole  of  a  battery  in  the  hand  and  placing  the  other  in  the  nos- 
triL  In  the  latter  way  he  thought  that  he  excited  a  genuine  spe- 
cific sensation  of  this  sense.  He  describes  the  positive  pole  in  the 
nostril  as  producing  an  inclination  to  sneeze  and  a  trace  of  a  smell 
like  that  of  "ammonia  ; "  the  negative  pole  placed  there  does  away 
with  this  inclination  and  produces  a  kind  of  "  sour  "  smell.  Such 
phenomena  are  probably,  however,  all  to  be  assigned  to  the  nerves 
of  taste,  touch,  and  common  feeling.  More  recent  investigations 
have  done  little  to  remove  the  reasons  for  doubt.'  The  smell  of 
phosphorus  which  is  developed  by  the  action  of  the  electrical  ma- 
chine is  probably  due  to  the  ozone  set  free  ;  it  is  not  a  case,  then, 
of  the  direct  excitation  by  electricity  of  the  sensation  of  smell. 
Some  physiologists  (notably  Valentin)  have  observed  that  this  sen- 
sation may  be  awakened  by  mechanical  stimulation,  such  as  strong 
vibration  of  the  nostrils,  violent  sneezing,  etc. ;  others  have  failed 
to  produce  this  specific  sensory  effect  in  such  ways.  It  does  not 
appear  that  thermic  stimulation  will  excite  the  sensation  of  smeU. 

Experiments  to  prove  that  subjective  sensations  of  smell  may  be 
produced  by  injecting  odorous  substances  into  the  veins  of  animals 
are  very  uncertain.  Human  pathological  cases,  in  spite  of  the  cus- 
tomary indefiniteness  of  the  patient's  testimony  as  to  the  nature  of 
his  sensory  affection,  show  that  compression  of  the  olfactory  nerve 

1  6nindz%6  d.  physiolog.  Psjchologie,  i. ,  884 ;  comp.  yon  Vintschgau,  in 
Hermann's  Handb.  d.  Physiol.,  III.,  ii.,  p.  261  f. 

*  See  Boeenthal,  in  Archly  f.  Anat.,  Physiol.,  etc.,  1860,  pp.  217  ff. 
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by  tumors,  etc.,  may  produce  sensationB  of  smelL  DisiurbanoeiB  of 
the  central  organs,  such  as  occur  in  certain  cases  of  insanify,  may 
doubtless  have  the  same  result  The  powerful  effect  which  some 
odors  have  upon  the  brains  of  certain  persons,  so  that  nausea,  gid- 
diness, and  other  disturbances  of  feeling  result,  scarcely  needs 
mention  ;  it  cannot  all  be  resolved  into  mental  associations  con* 
nected  with  the  sense-impressions. 

§  10.  No  approach  can  be  made  toward  a  scientific  classification 
of  the  kinds  of  smells.'  This  specific  sensation  must,  however,  be 
carefully  distinguished  from  the  other  forms  of  feeling  with  which 
it  is  most  closely  allied.  Many  supposed  sensations  of  taste  are 
really  sensations  of  smelL  Substances  like  ammonia  and  acetic 
acid  powerfully  excite  the  sensations  of  touch  and  common  feeling 
through  their  action  on  the  trigeminus  as  well  as  the  olfactoiy 
nerve.  Other  sensations  of  touch  and  of  the  muscular  sense  are 
reflexly  occasioned  in  such  cases,  and  blend  with  the  specific  sensa- 
tions of  smell  in  the  total  mental  result  But  of  all  the  attempts  to 
classify  the  qualitatively  pure  sensations  of  this  sense,  none  can  be 
said  to  have  any  scientific  value.  The  division  into  pleasant  and 
unpleasant  smells  depends  upon  the  idiosyncrasies  of  individuals ; 
to  some  the  smell  of  burning  feathers,  of  assafoetida,  of  valerian,  or 
of  rank  cheese,  is  pleasant  FrOhlich's  *  classification  into  those 
which  excite  merely  the  olfactory  nerve,  and  those  which  call  out 
other  sensations  reflexly  through  their  action  on  the  trigeminus,  is 
purely  physiological  and  not  psycho-physical;  moreover,  it  does 
not  apply  to  sensations  of  smell,  as  such.  When  we  classify  the  sen- 
sations according  to  the  objects  which  produce  them — as  practically 
we  are  obliged  to  do — we  are  not  distinguishing  the  qualities  of 
our  feeling  ;  the  smell  of  a  rose  does  not  belong  to  a  class  of  sen- 
sations as  does  a  soiu:  taste  or  the  color  red.  No  known  principle 
will  bring  order  out  of  the  bewildering  complexity  of  this  dense. 

Sensations  of  smell  cannot,  like  those  of  pressure,  hearing,  and 
sight,  be  schematized  or  represented  as  standing  in  any  definite 
local  or  mathematical  relations  to  each  other.  Smells  cannot  be  con- 
ceived of  as  having  a  scale  of  pitch,  or  triangle  of  color-tonea  As 
Wundt '  declares,  the  sensations  of  smell  form  "  a  discrete  mani- 
foldness  >vhich  has  an  unknown  arrangement" 

§  11.  The  pi*operties  which  any  substance  must  possess  in  order 
to  be  odorous,  and  the  nature  of  the  action  of  the  odorous  partides 

^  For  the    entire  sabjeot,  see  von  Vintschgau,  in  Hermann's  Handb.  d. 
Physiol.,  III.,  il.,p.  266  f. 
•Sitzgsber.  d.  Wiener  Acad.,  1851,  VI.,  p.  832  f. 
'Physiolog.  Psychologie,  i.,  p.  886. 
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upon  the  end-organ  of  smell,  are  wholly  unknown — as  much  so 
now  as  when,  more  than  a  half-centurj  since,  Cloquet  confessed  the 
complete  ignorance  of  the  scientific  world  on  these  matters.  A 
great  variety  of  phenomena  appear,  but  no  known  law  has  control 
of  them.  Some  plants  are  odorous  by  day  alone,  others  by  night 
alone ;  still  others  only  in  the  morning.  Some  plants  have  a  smell 
when  dried ;  others  give  off  only  a  weak  odor  when  dry,  but  a 
stronger  one  when  moistened.  Of  course,  the  effect  of  any  odorous 
substance  depends  upon  the  ease  with  which  it  may  be  vaporized, 
and  the  speed  and  extent  of  its  diffusion  through  the  atmosphere. 
Camphor,  musk,  and  other  similar  substaDces  are  distinguished  for 
their  long-continued  and  far-reaching  effects. 

The  discovery  of  Bomieu,  in  1756,  that  small  bits  of  camphor  on 
the  surface  of  water  have  a  rotary  motion,  has  called  out  various 
investigations  in  the  line  suggested  by  this  fact  Prevost  subse- 
quently (1799)  observed  that  other  odorous  bodies  have  a  similar 
motion  on  the  surface  of  water,  and  that  a  very  thin  layer  of  water 
on  a  perfectly  clear  plate  or  glass  withdraws  itself  as  soon  as  pul- 
verized camphor  is  laid  upon  it  More  recently  still,  Liegeois  has 
noticed  the  same  phenomena,  wholly  or  in  part,  exhibited  by  spme 
two  hundred  odorous  substances  of  either  vegetable  or  animal  struct- 
ure. Minerals,  according  to  this  observer,  do  not  behave  in  the 
same  way.  Some  of  these  odorous  substances  seem  to  inhibit  or 
check  the  rotary  motion  in  others.  He  concludes  that  we  are  jus- 
tified in  believing  odorous  substances  to  have  the  power,  especially 
when  in  contact  with  water,  of  setting  up  a  motion  of  these  outside 
particles  which  distributes  them  through  the  atmosphere  so  that 
they  reach  the  mucous  membrane  of  the  nasal  passage&  Just  how 
they  act  upon  the  end-apparatus  there  it  is  impossible  to  say.  The 
researches  of  Tyndall '  and  others  as  to  the  influence  which  odorous 
particles  of  different  substances  have  upon  the  capacity  of  the  air 
to  absorb  heat  may  possibly  be  combined  with  the  foregoing  re- 
searches in  a  way  to  suggest  some  tenable  hypothesis  touching  the 
nature  and  action  of  the  stimuli  of  this  sense  ;  but  thus  for,  as  has 
been  said,  we  cannot  go  beyond  a  confession  of  ignorance. 

§  12.  The  condition  of  scientific  attainment  as  to  sensations  of 
taste,  and  their  stimuli  is  only  little  better  than  that  as  to  the  allied 
sense  of  smell.  The  adequate  specific  stimulus  for  the  nerves  of 
this  sense  consists  in  certain  tostable  substances  ;  such  substances, 
however,  do  not  excite  the  end-apparatus  unless  they  act  upon  it 
under  definite  conditions.  Only  fluid  bodies,  or  such  as  are  nt 
least  to  some  small  degree  soluble  in  a  fluid  or  menstruum,  excite 
>Heat  as  a  Mode  of  Motion,  pp.  841  fE.     New  York,  1868. 
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flensations  of  taste  ;  absolutely  insoluble  bodies  are,  without  ezoep- 
tioD,  tasteless.  This  fact  may  be  due  to  the  concealed  position  of  the 
inner  cells  of  the  gustatory  flasks,  which  is  such  that  they  cannot  be 
reached  by  substances  undissolved.  By  no  means  all  soluble  sub- 
stances have  a  taste.  No  known  law  regulates  the  relation  between 
the  solubility  of  bodies  and  their  power  to  excite  sensations  of  this 
class.  It  is  disputed  whether  any  of  the  gases  are  direct  excitants 
of  the  end-organs  of  taste.  The  monograph  of  A.  Stick  '  maintains 
the  tastable  character  of  certain  gases,  on  the  ground  that  a  stream 
of  them,  let  fall  upon  the  tongue  when  dry  (so  that  they  cannot  well 
be  absorbed  by  the  saliva),  produces  the  peculiar  sensations  of 
taste  which  these  gases  are  known  to  possess.  A  stream  of  car- 
bonic-acid gas,  for  example,  when  acting  on  the  dry  edge  of  the 
tongue,  has  a  taste  which  is  described  as  sweetish  sour.  It  is  diffi- 
cult, however,  to  secure  such  a  degree  of  dryness  of  the  tongue  as 
will  not  leave  a  moist  capillary  layer  ;  difficult,  also,  to  exclude  all 
the  connected  sensations  of  smell  and  common  feeling.' 

It  is  doubtful  whether  the  sensation  of  taste  can  be  excited  by 
mechanical  means  ;  and  there  is  no  proof  that  heat  can  irritate  the 
gustatory  nervea  Certain  authorities  of  the  first  rank  have  indeed 
described  specific  sensations  of  taste  as  mingled  with  the  feelings 
which  follow  rubbing,  pricking,  and  pressing  the  tongue.  Henle 
observed  a  saltish  taste  to  be  excited  by  passing  a  current  of  air 
over  the  tongue  ;  Wagner  a  bitter  taste  by  pressing  down  the  base 
of  the  tongue  with  the  dry  finger  ;  Dr.  Baly  on  acid  or  a  saltish 
taste  by  repeatedly  and  lightly  tapping  the  end  of  the  tongue. 

The  long-debated  question  as  to  the  electrical  stimulation  of  this 
sense  seems  now  to  be  decided  affirmatively.*  It  was  discovered  in 
1752  that  the  application  of  two  different  metals  to  the  tongue  is 
followed  by  a  peculiar  sensation  of  taste.  Volta  recognized  the 
fact  that  the  effect  of  the  metals  is  due  to  the  electrical  current 
called  out  between  them.  If  the  cathode  is  laid  upon  the  upper 
surface  of  the  tip  of  the  tongue,  a  sensation  is  produced  by  the  cur- 
rent passing  out  which  is  variously  described  as  metallic,  acid  and 
metallic,  or  bitter  and  metallic,  etc. ;  but  if  the  anode  is  applied  to 
the  same  spot,  the  sensation  }»'oduced  by  the  entering  current  is 
described  as  acid,  or  acid  and  metallic,  or  bitter  and  metallic,  ui 
the  former  case,  not  infrequently,  a  strong  current  is  needed  to  pro- 

'Ueber  d.  Schmeckbarkeit  d.  Gase,  Berlin,  1857;  article  in  Annalen  des 

Charitc-Krankenhauses. 
'  See  von  Vintschgau,  in  Hermann's  Handb.  d.  Physiol.,  III.,  ii.,  p.  196  t 
*  The  whole  question  is  discussed  by  von  Vintschgau,  ibid.,  p.  181  f.;  and 

PflQger's  Archly,  xx.,  pp.  81  ft. 
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duoe  any  sensation  at  alL  Since  the  difloovery  of  eleotrolyais,  it 
has  been  objected  that  these  effects  are  due  to  the  decomposition 
of  the  finids  of  the  mouth  and  the  consequent  accumulation  of  free 
acid  at  the  positive  and  free  alkali  at  the  negative  pole ;  thej  are 
therefore  not  to  be  ascribed  to  the  direct  action  of  the  electrical 
current  on  the-  end-apparatus  of  sense.  Experiments  by  du  Bois- 
Reymond,  Rosenthal,*  and  others  have  been  directed  toward  an- 
swering this  objection.  The  former  showed  that  when  a  chain  of 
four  persons  is  arranged  in  such  manner  as  to  send  a  current  of 
electricity  through  the  tongue  of  one,  the  eyeball  of  another,  and 
the  muscles  of  a  frog-preparation  held  by  two  of  the  four,  the  same 
current  vnll  cause  simultaneously  an  acid  taste,  a  fliish  of  light,  and 
A  movement  of  the  animal's  muscles.  Rosenthal  discovered  that, 
if  two  persons  touch  the  tips  of  each  other's  tongues  while  one 
holds  in  a  moist  hand  the  positive  and  the  other  the  negative  pole, 
on  electric  current  will  cause  the  first  person  to  have  an  alkaline  and 
the  second  an  acid  taste.  Still  other  experiments  confirm  the 
opinion  that  sensations  of  this  sense  may  be  directly  due  to  elec- 
trical stimulation.  Attempts  have  been  made  to  prove  the  possi- 
bility of  exciting  subjective  sensations  of  taste  by  injecting  tasta- 
ble  substances  into  the  veins  of  animals ;  but  the  psychology  of 
the  subject  has  reaped  no  results  from  these  attempts.  Most  of 
the  alleged  cases  of  such  subjective  origin  are  probably  due  to 
substances  really  brought  to  the  tongue  in  the  saliva.  It  is  worth 
remarking  here  that  sensations  of  taste  rarely  or  never  mingle  in 
our  dreams. 

§  13.  The  question  whether  a  tastable  substance  excites  precisely 
the  same  sensation  when  applied  to  all  portions  of  the  organs  of  taste 
is  a  difficult  one  to  answer  satisfactorily  (see  Part  I.,  Chap.  V.,  § 
6).  The  tabulated  results  of  different  experimenters  upon  this 
question  disagree  considerably.  Such  disagreement  is  suggestive 
of  idiosyncrasies  of  taste,  and  of  doubt  whether  the  different  shades 
of  the  same  class  of  sensations  are  either  nicely  discriminated  or 
uniformly  described  by  most  persons.  Descriptions  which  speak 
of  the  sensations  as  prickly,  piquant,  cooling,  etc.,  show,  of  course,  a 
combination  of  sensations  of  common  feeling  with  those  of  special 
sense.  Tlie  minor  varieties  of  taste  may  be  occasioned  in  a  manner 
similar  to  that  of  the  less  important  shades  of  color-sensations.  It 
seems  tolerably  well  established  that  sweet  and  sour  are  tasted 
chiefly  with  the  tip  of  the  tongue  ;  bitter  and  alkaline  with  its  roots. 
The  experiments  of  two  of  the  principal  observers,  Horn  and  Picht, 
igree  in  the  conclusion  that  nearly  all  substances  (even  sugar)  call 
1  Ueber  d.  elektrisohen Geschmack ;  Archiv  t  Anat,  Phjsiol.,  1860,  p.  2171 
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oat  a  bitterish  tast«  when  i^yplied  aolelj  to  the  pqpUlce  circum- 

i  11.  Most  of  the  different  kinds  of  tistes  admit  of  being  con- 
sidered as  compounds  of  a  few  simple  sensations  of  this  sense  with 
each  other  and  with  sensations  of  smell,  touch,  common  feeling;  and 
muscular  sense.  Manj  so-called  tastes  are  really  chiefly  smella 
nijnsiok>gists  generally  distinguish  four  principal  clnnwHT  of  tastes — 
sweet,  bitter  salt,  and  sour.  Wundt  *  adds  to  these  four  the  alka- 
line and  the  metallic.   But  possiblT  the  alkaline  may  be  oonaidsred  as 

Mm  m 

a  modification  of  the  salt ;  and  the  metallic  is  probably  a  compound 
taste«  although  its  analysis  is  by  no  means  easy.     The  attempt  has 
been  made  bv  Valentin  and  others  to  reduce  this  number  to  two— 
the  sweet  and  the  bitter.     The  sour  is  thus  ooDsidered  as  not  a  p 
sensation  of  taste,  but  as  predominatingly  a  sensation  of  touch 
Acids  in  cou^^utrated  form  certainly  bring  into  action  the  neires  oi 
feeling :  but  in  very  dilute  form  they  seem  to  excite  purely  the 
tion  of  taste.     The  same  thing  is  true  of  saltish  substances.     Thi 
bitter  and  the  sweet  are  agreed  by  all  to  have  the  character  of  pu 
sensations  of  this  specific  sense.     Powerful  reflex  sensations  of  thc^^ 
muscular  s^'u^jie  are  occasioned  by  strong  stimulation  of  the  nerr* 
of  the  tongue,  and  these  sensations  blend  with  the  specific  sensa — • 
tious  of  taste.     There  is  no  satisfiMstory  reason  to  be  given  fo: 
classing  the  sensation  of  nausea  under  the  sense  of  taste. 

The  priuiiu-y  forms  of  taste  are  combined,  in  the  greatest  Tsriety 
^vith  :ui  iiuleduite  number  of  shades  under  each  of  them.     Th< 
h}']H>thesis  of  four  or  more  specifically  diflerent  forms  of  the  end 
appcinaus  oorres|K>nding  to  the  primary  forms  of  sensation — ^for 
example.     *' bitter- tasting "    nerre-fibrea,    "sweet-tasting"    n 
fibres,  etc, — offers^  under  the  law  of  the  specific  energy  of  th^ 
ut nes,  an  opportunity  for  explaining  all  the  phenomena  of  thi 
sense  Si^mewLnt  simil:ir  to  that  embraced  by  the  so-called  Youn: 
Hehnholtz  thoorv  of  color-sensationa 

^15.  CoiioemiDg  that  in  tastable  substances  which  fits  them 
excite  the  euvl-ap(>anitus  of  the  gustatory  nerves,  or  concerning  th< 
moleculu:  activ)ii  of  such  substances,  we  have  no  information 
ever.     Xo  so:Uo  oi  stimuli,  considered  as  difllering  in  the  rapidity 
their  vibnitiou  uud  corresponding  to  a  scale  of  resulting  aensation.-^^ 
difiering  iu  pitch  or  tone,  can  be  made  out  for  sensations  of  tast^' 
The  great   ilitlii'uities  which  accompany  experiments  upon  thi^ 
sense,  and  the  fact  that  the  most  fundamental  questions  concermn^ 
its  activities  are  still  unanswered,  place  it  in  an  unsatisfactory  posi' 
tion  only  less  hopeless  than  that  occupied  by  the  kindred  sense  of 

'  Phjrsiolog.  P»ychologie,  i,  p^  SSS. 
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■DalL    Wa  iuna  in  th«  owe  of  ta8t«,  liowever,  the  very  great  lul- 
>  of  being  able,  nt  lenst  loooolv,  to  dasHify  tlie  sensations 
•  quftlily  <ro  lu^  coiuuderiug. 

>6.  On  iwHong  U>  tlie  cuiisid^mtiou  of  uniKxIi'ins  oftnuml  niucb 
'  bdp  is  ieouir«il  from  Uie  acicuoe  of  pLvaicH.  But  modern  in- 
I,  in  the  form  in  wkicli  thoj  concern  iis.  ilo  not  go  back 
i4  tt«  great  imrk  of  HtilmboltK,'  who  made  the  onlire  field  pecuU. 
■rij  Irai  cnm.  Siixw  the  firet  appeonuico  of  this  work,  the  subject 
bas  *1k»  be&n  gmtly  enriched  by  the  original  I'esearchea  of  Oetting- 
•Bi'Uteb,*  Vnyvr*  Hensen,*  Btumpf,'  and  others.  In  speaking 
td  tbe  Mtimuli  of  these  sensations,  ne  are  still  compelled  to  refer 
ducflj  to  the  Tibrations  of  air,  which  are  only  remote  excitAuts  of 
tha  «i4^rfcno*  of  tliia  sense.  Neither  physics  nor  physiology-  has 
j«t  bsMi  able  to  fix  the  precise  locality  in  the  organism  (the  nor^ 
von  alraotnm  of  tlko  cochlea)  where  the  immediate  stimulation  of 
Ibt  Mid-a{ipiuatna  tokos  place  ;  or  to  tell  what  is  the  «xuct  nature 
nf  fta  Mction.  We  are  obliged,  then,  to  confine  oui-selvos  in  the 
mull  In  consiilering  a  relation  between  the  vibratory  energy  of  the 
■ir  uiiI  certain  stjitcfl  of  oonsciousiiees,  without  nttciupting  to  es- 
fikia  tbe  inuiy  intermcdiftt«  liitka. 

All  MDHitions  which  ftrise  in  the  mind  by  means  of  the  irritation 
if  Um  atjditjiry  nttrvo  ore  called  BeiimtiunB  of  iktund.  The  word  > 
"  Kmsd  "  ia  tbns  used  by  psychology  for  a  wholly  subjective  offiiir,  I 
vhk^  haa  &»  taore  resemblimco  to  those  vibrations  which  physics 
i  br  lh«  same  word  than  has  the  taste  swevt  to  the  un- 
B  physical  properties  that  produce  it  The  trained  mind,  or 
IT,"  as  wo  my,  Iws  indeed  the  power  directly  to  onolyM 
J  tnnaiad  twund  into  itit  constituent  elements.  But  each 
B  elemenU  is  purely  a  sensation,  a  subjective  aStar.  It  oar- 
T  DO  Uiken  that  it   lios  been  produced  by  vibrations  of 


I 

I 


[  fenwBpfayiici 

^^^^^HEl  eleme 

^^^^B^B  Hsclf  DO  tvkcD  that  it  lios  been  produced  by  vibrations  of     ^H 
any  fciml  i  or  that  it  sustaius  any  immcrical  retntiun  whatever  to      ^H 

»lh*  vibrations  of  which  some  other  sensation  of  sound  is  composed.  ^H 
We  koow  botbing  directly,  through  xeiisations,  cither  of  the  struct-  ^H 
'  IM*  L*kr«  voo  d.  ToDvmptlniluiiHt-n  aU  phviloliig.  Omoilla^  f.  d.  Tbcorl*  ^^| 
A-Marfk.  Braanac)iw«l«,  \A  odIUon,  \mi .  i-X  mlttioD,  1IW3:  3d  naitlon,  ^H 
n«t  *ik  MlUna.  ISTIt.  ^H 

*Wmmamlmpum  (n  dtuler  Knuricklanic,  18611.  ^H 

'ITail—  iiialillisll  im   lu   tho  Arnhlr   [.  OhraufaeilkaDilo   uiil   clwwhars      ^H 
k^HkOytballtt^bw.  d  Wtiu.r  Aud,).  ^| 

*  V«faar  4.  On*n«*n   d,  TonnlirnuhinunK.   IHTO;   fUUKdwr.   d.   J«l.  Or- 
Nibch.  L  IC«d  .   wrr*  -  AkiwitKho  UutoniKhaaRM.  18m 

>1b  HnmMD'i  HiuJI'   d   I-hjilol  ,  IIL.  II.,  pp.  S-I4S,  sal  works  br  t^ 
*■■  HrilMT  UtM*  nir*rn*l  U> 
'T«aji)ib»lini«.  htiv^.  lt>68  (Vol  L  oalrV 


316  8ENSATIOXS  OF  80X130). 

ure  of  the  ear  or  of  vibrating  strings  and  partidee  of  air,  or  of  the 
mathematics  and  physics  of  music 

Sounds  are  of  two  classes — tones,  or  musical  sounds,  and  noises. 
The  former  are  due  to  periodic  motions  of  sonorous  bodies ;  the 
latter  to  non-periodic.     Noises  are  those  sounds  which,  objectively 
considered,  arc  wanting  in  the  periodic  regularity  of  stimulation 
which  characterizes  all  musical  sounds,  and,  subjectively  considered, 
in  the  i)eculiar,  pleasant  modification  of  consciousness  which  the 
latter  pn)ducc.     But  noises  accompany  almost  all  tones  ;  and,  con- 
versely, tones  may  be  detected  by  the  trained  ear  as  mingled  with 
the  noises  of  evcry-day  life.    No  player  of  the  violin  avoids  aU  noise 
of  scraping  from  the  bow  ;  no  stroke  of  a  workman's  hammer,  or 
slamming  of  a  door,  that  does  not  start  and  catch  up  into  i 
some  trace  of  musical  tone.     The  interest  of  science  has  hithertoi^cz 
been  almost  wliolly  concentrated  upon  musical  sounds,  and  littl< 
has  been  done  by  either  physics  or  physiology  toward  the  analysi 
of  noises.     It  is  characteristic  of  a  noise,  according  to  Helmholtz,' 
that  there  is  a  quick  and  irregular  alternation  of  different  kinds  ol 
sensation  of  sound.     This  distinctive  character  can  generally 
detected  ''  bv  attentive  aural  observation  without  artificial  assist— 


e 


ance.**    AVe  o:in  eomix)und  noises  out  of  musical  tones  ;  as,  for  ex— 
ample,  by  striking  together  all  the  keys  of  an  octave  on  the  piana 
Heuson'  distinguishes  three  "categories  of  unmixed  noises" — th^^         ® 
**  bojits  "  or  pulsations  which  disturb  the  purity  of  musical  tones 
the  ornckUs  crack,  or  crash  ;  and  hissing  sounds.   These  three  ahadi 
into  each  other,  and,  \Yl)en  mixed  with  different  kinds  and  quantitiei 
of  musical  sounds,  make  up  the  noises  which  we  hear  on  eveiy  band 

^  17.  Musical  sounds   differ,  not  only  in   quality,  but  also 
quantity  or  int<?nsity  of  sensation  as  dependent  upon  the  ampli 
tuilo  of  the  vibrations  which  produce  them.     With  respect  to  thei 
quality  they  are  distinguished  as  either  simple  or  complex,  accord 
ing  as  they  result  from  one  set  of  regularly  recurrent  (periodic)  vi 
brations  of  a  given  number  in  a  given  imit  of  time,  or  result 
a  combination  of  two  or  more  sets  of  such  vibrations.     The  musi 
cal  sounds  of  ordinar}'  experience  are  complex.     The  blending  o 
the"  simple  tones  into  the  complex  tone  is  not  so  complete,  however> 
that*  it  cannot  be  at  least  partially  analyzed  direcUy  by  a  trainet^ 
ear.     The  complex  sound,  which  results  from  this  compounding 
of  the  contrasts  or  coincidences  of  several  simple  musical  sounds^ 
may  be  called  by  the  term  "  clang  '* — in  this  meaning  borrowed 
from  the  usage  of  the  German.     The  quality  of  tones  considered  as 

I  The  Sensations  of  Tone,  etc.,  p.  11  f.     London,  1875. 
'  Hermann's  Haudb.  d.  PLyalol.,  IIL,  ii,  p.  17. 
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iiir  U>  lit^ermrfg  of  pilch  Taries 
itiiii  for  the  <liflereiit  oclavea  of 
Uint  uiiprnctiseii  peraone.  witii 
,05(1  TJliratiotiH  hy  tlio  table,  but 
ItU  eijjcriiiienU),  didtinj^ 
18  ns  prwlaciug  a  distinct  dit^ 
Eitri.-mt!  cases  of  deafneea  to 
;  as,  for  einmple,  that  of  the  man' 
«  Nmlv,  oould  not  diatinguisli  on  in- 
d,  iu  tho  hit^her  and  lower  [)arts,  of 
insensitivei  to  differences  of  a  tone  or 
ilimtia  wd  "  not  to  know  one  ntite  from 
IK  Uifreiguently  met  wilh.     Differences  of 
jxinton.  in  the  fineness  of  this  kind  of  per- 
luitli :  in  cartuiu  cases  the  difference  may 
iniint.     SensitivoneM  to  pitch  is  generally 
iM'ii,  nml  niFij  rt^nch  a  hi^h  degree  uf  per- 
mit what  is  called  ■■  a  good  natural  ear  "  for 
k'  idwi  highly  tmiiicd.     Siich  p<ireon8  may 
iuotd  dilTt^n^uces  in  the  sensations  caused  by 
ifaer  of  Tilirationa  not  nmrn  than  n  tliird  of  a  single 
hhI,  in  llifl  re^on  of  tlic  w^ftle  between  a'  and  o'. 
t>'  to  b'  mora  tbau  200  tones  are  distinguish- 
'»  oo'l  Iwlow  this  region  the  distinctions  possible 
■over'  e«en  weU-tnlned  ears  ooiuinit  urront  in  iden- 
UiBl  differ  by  100  or  cTcu  by  1.000  vibrationa     It 
not  tmly  th«  mumcol  i|tuUity  of  tones,  but  alwi 
in^iaiilung  differenoes  in  thetn,  diuiinialics  rapidly 
upper  and  lower  linitf«  of  the  snlc. 
M  p<w^btu  d is tini' lions  of  purity  uf  inhtroal  aiao 
ilifliffeat  indiTiduAls  and   fur  different  interrala.     Tha 
kill*  M  onapiliKl  by  HrnMri '  (mm  dntn  dnwo  from 
..(..-.ti.viH.    li^iff  brackcttHl  uutnbers  of  tbe  firvt  column 
■i..n  in  which  the  ribrntions  of  the  different 
ra'MO  of  the  fundnmcnt*)  tunc;  tho  quotiuit 
-  fiiiion  from  Uie  pure  intur^-al  wbicfa  was  found 
—i.Ui  ut  «sck  caae  ;  V  =  U>e  nuuilwr  of  vibrations  off  bom  tbe 
tb*  laost  distinguishable  ;  and  S  ia  tho  de- 


V  On"!  AUn.  Id  Hioil,  K^>^.  f.  1A7  f. 
K{>  Uk*  t«B«tky  ami  iBtpmtltut  dbeaiuom  un  "  IndlTliIualitU  4—  Sln- 
Ikr  TuoquslitAUn,"  tu  tiiuapl,  Tonpajoluiltigla,  I.,  pp. 


■■■»  Oattdb  <L  VhjMiol,  til. 


SEirsATioira  OP  sound. 

e  hegin  to  cease  vhen  tho  Tibntioiu  bll  below  84  per  MOrad ; 
ne  tuning-forks  of  great  size,  wMoli  vibntod  only  28  timOB  per 
xmd,  seemed  to  liim,  however,  to  have  a  trace  of  tone  in  the  form 
a  "  weak  drone."  Prefer '  found  that  while  14  vibraticms  fxo- 
aced  DO  tone  that  he  could  hear,  at  16  Tibrations  he  was  able  to 
«ar  a  tone  ;  others  could  distinguish  a  musical  sound  only  at  19 
)r  23  vibrotiona.  The  same  observer  experienced  as  a  sensation  of 
mosical  sound  more  than  40,000  vibrationa  per  second ;  TnmbnU 
found  that  the  majority  of  those  with  whom  he  experimented 
oould  not  hear  more  than  about  30,000  to  22,600  vibratioDB  per  sec- 
ond, and  only  one — a  musician — ^heard  30,000  ;  Deapretz  sueceeded 
in  producing  with  tuning-forks  audible  tones  that  had  82,000  vi- 
Imitions.  Blake  thinks  that  persons  with  defective  ear-dmnu  are 
able  to  hear  tones  of  higher  pitch,  reaching  even  60,000  vibrations. 
Vibrations  slower  than  28  to  30  per  second  produce  in  most  ean 
only  a  buzzing  or  groaning  sound  ;  the  more  acute  tones  are  unpleas- 
ant, or  even  painful,  and  finally  inaudible  to  all  ears.  These  results 
cannot  be  considered  as  very  ooncordant  or  predse.  They  show, 
however,  that  the  range  of  the  average  human  ear  is  rather  more 
than  nine  octaves,  reaching  from  about  A,  of  the  subcontra  octave 
{27^  vibrations  per  second)  to  above  o'  of  the  seven -times^marked 
octave  (16,896  vibrations  per  second). 

The  following  table  *  gives  the  pitch  of  all  the  muaioal  tones  audi- 
ble to  the  human  ear,  in  the  key  of  C  major,  on  a  scale  in  whidi 
a'  is  fixed  at  410  vibrations.  Only  about  seven  of  the  rather  more 
than  eleven  octaves  of  the  table  are,  however,  usable  in  mnaio ; 
these  seven  reach  upward  from  C,  of  the  contra,  or  from  A,  of  the 
subcontra  octave,  to  b* — namely,  the  seven  or  seven  and  a  half 
octaves  of  the  modem  plana 


<■ 

D      ■      E 

F     1      O 

IL             B 

«fi 

IlOl   lSlili|C,D.'cl<s. 

sr-^  1   4w 

89          S, 

an      a» 

C.  d<.  MX. 

S.87fl      fHO 

i.m:    8.168 

11.BM    a.iw) 

feme  1  -U.S4U 

'  Greuten  d.  TonwkhrnebmaDg,  p.  23 1. 

'Taken  from  Stumpf,  Tonpsychologfe,  I.,  p.  liv.,  uid  gtving  theOflnni 
Boile  ;  the  French  Qxea  a'  at  4Si  vibrations ;  ttie  theoretical  pitob  in  EngUi 
slvei  G12  for  cK 
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§  19.  The  maamHrenem  of  the  ear  to  d^erences  of  piidi  yaries 
greatly  with  different  indiyiduals,  and  for  the  different  octaves  of 
the  musical  scale.  Preyer  found  that  unpractised  persons,  within 
the  octaves  from  c  to  c*  (132>1,056  vibrations  by  the  table,  but 
128-1,024  by  the  scale  adopted  for  his  experiments),  distinguish 
a  difference  of  from  8  to  16  vibrations  as  producing  a  distinct  dif- 
ference in  the  sensation  of  pitch.  Extreme  cases  of  deafness  to 
differences  in  pitch  are  recorded  ;  as,  for  example,  that  of  the  man^ 
who,  in  the  middle  part  of  the  scale,  could  not  distinguish  an  in- 
terval of  less  than  a  third,  and,  in  the  higher  and  lower  parts,  of 
less  than  a  seventh.'  Persons  insensitive  to  differences  of  a  tone  or 
half-tone,  who  are  sometimes  said  "  not  to  know  one  note  from 
another,"  are  by  no  means  infrequently  met  with.  Differences  of 
the  two  ears  of  the  same  person,  in  the  fineness  of  this  kind  of  per- 
ception, are  common  enough  ;  in  certain  cases  the  difference  may 
amount  to  a  half-tone  or  more.  Sensitiveness  to  pitch  is  generally 
capable  of  rapid  cultivation,  and  may  reach  a  high  degree  of  per- 
fection in  persons  who  have  what  is  called  '*  a  good  natural  ear"  for 
musical  tones,  if  the  ear  be  also  highly  trained.  Such  persons  may 
become  able  to  discriminate  differences  in  the  sensations  caused  by 
changing  the  number  of  vibrations  not  more  than  a  third  of  a  single 
vibration  per  second,  in  the  region  of  the  scale  between  a'  and  c*. 
In  the  octave  from  6'  to  b*  more  than  200  tones  are  distinguish- 
able. But  above  and  below  this  region  the  distinctions  possible 
are  less  fine  ;  above  c*  even  well-trained  ears  commit  errors  in  iden- 
idfying  two  notes  that  differ  by  100  or  even  by  1,000  vibrationa  It 
appears,  then,  that  not  only  the  musical  quality  of  tones,  but  also 
ihe  power  of  distinguishing  differences  in  them,  diminishes  rapidly 
as  we  approach  the  upper  and  lower  limits  of  the  scale. 

The  fineness  of  the  possible  distinctions  ot  purity  of  interval  also 
differs  for  different  individuals  and  for  different  intervals.  The 
iioUowing  table  is  compiled  by  Henscn '  from  data  drawn  from 
Preyer's  investigations  The  bracketed  numbers  of  tlie  first  column 
indicate  the  proportion  in  which  the  vibrations  of  the  different 
intervals  stand  to  those  of  the  fundamental  tone  ;  the  quotient 
n'  :  n  =  i,  the  variation  from  the  pure  interval  which  was  found 
detectable  in  each  case  ;  V  =  the  nimiber  of  vibrations  off  from  the 
pure  interval  which  is  the  least  distinguishable  ;  and  S  is  the  de- 

»  Reported  by  Grant  Allen,  in  Mind,  1878,  p.  157  f. 

*  Comp.  the  lengthj  and  interesting  discussion  on  **lndividualitat  des  Sin- 
nes  and  Gedachtnisses  fiir  Tonqualitaten/*  iu  Stumpf,  Toupsychologie,  I.,  pp. 
^62  ff. 

'8ee  Hennanu's  Handb.  d.  Physiol.,  III.,  ii.,  p.  114. 
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ominator  of  the  fraction  which  indicates  the  sensiiiTeneaB  of  the 
/ar  to  the  purity  of  each  interval 


INTERVAL. 


Fourth  (1.383) 

Fifth  (1.5) 

Minor  Sixth  (1.6). 

Major  Third  (1.25) ...| 

Minor  Third  (1.20). 

Octove  (2.0) 

Whole  Tone  (1.125) 


n. 

n'. 

t. 

F. 

187.58 

251.28 

1.8806 

1.02 

167.68 

251.28 

1.4988 

0.28 

143.66 

281.41 

1.6108 

1.19 

139.60 

168.68 

1.2487 

0.78 

139.62 

175.58 

1.2572 

0.89 

207.54 

251.28 

1.2102 

1.90 

500.40 

1,001 

2.0004 

0.18 

215.15 

243.51 

1.1201 

0.85 

B. 


211 
»22 
148 
196 
198 
117 
5,000 
874 


Immediate  judgment  of  absolute  tone  (as  the  a^  carried  in  mind 
by  musicians)  is  possible ;  judgment  between  two  tones  as  to 
which  is  higher  or  lower  in  pitch  is  also  immediate,  and  may  be 
exercised  independently  of  ever}i;hing  except  the  two  sensations 
themselves.  The  latter  judgment  is  the  common  power  of  mind 
belonging  to  this  sense  ;  the  former  is,  as  a  rule,  exercised  only  by 
skilled  persons,  and  by  them  only  very  imperfectly.  Experiments 
of  Stumpf/  upon  himself  and  three  other  musicians,  showed  that 
the  mistakes  in  judgment  of  absolute  tone  amounted,  in  the  lower 
region  of  the  scale  (from  0,  to  i^,),  to  15j^l00j^  of  the  trials ;  in 
the  middle  region  (from  a-g\  or  from  g-e%  to  Oj^TOjt ;  in  the 
upper  region  (from  g*-f^y  or  from /'-a*),  to  7^-80j^.  Only  one  of 
the  four  persons  experimented  upon  seemed  to  approach  the  point 
of  infallibility.  Judgment  of  absolute  tone  is,  therefore,  a  different 
matter  from  that  which  makes  distinctions  in  intervals  or  in  the 
least  observable  differences  of  pitch,  and  is  much  more  precarioua 

§  20.  Those  psychologists  appear  to  be  in  the  right  who  chum 
that  some  power  of  the  mind  immediately  to  judge  differences  of 
quality  in  pitch,  purely  as  such,  must  be  assumed  in  order  to  ac- 
count for  the  foregoing  phenomena.*  Such  judgment,  however, 
may  be,  and  ordinarily  is,  much  assisted  by  auxiliary  discrimina- 
tions of  other  sensations  which  blend  with  those  of  musical  tone. 
Among  such  secondary  helps  the  most  important  are  the  muscular 
sensations  which  accompany  the  innervation  of  the  larynx  and  other 
organs  used  in  producing  musical  tonea     For  we  ordinarily  inner- 

'  Tonpsychologie,  I.,  pp.  305  ff. 

•On  this  subject,  com  p.  Lotze,  Medicin.  Psychologie,  pp.  265  ff.,  480  f.; 
Strieker,  Studien  iSber  d.  Association  d.  Vorstellungen,  1888,  p.  2  f.;  G.  B. 
MttUer,  Zur  Grundlogung  d.  Psycho-physik,  Berlin,  1878,  pp.  276  fl.;  tnd 
Stumpf,  Tonpsycbologie,  I.,  pp.  134  flf. 
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viie  these  organs  (at  least  in  an  inchoate  and  partial  waj) — that  is, 
we  sound  the  note  to  ourselves — when  trying  carefully  to  judge  of 
its  pitch.     But  the  niceness  of  these  muscular  sensations  is  not 
great  enough,  even  when  most  highly  trained,  to  account  for  the 
discriminations  of  the  **  good  ear."    The  trained  musician  can  de- 
tect by  ear  a  difference  in  quality  between  two  tones  of  400  and 
400^  vibrations  per  second ;  but  the  most  skilful  singer — Jenny 
Lind,  for  example — scarcely  succeeds  in  singing  in  quarter-tones. 
Moreover,  the  relative  powers  of  larynx  and  ear  by  no  means  keep 
pace  with  each  other  in  the  same  person.     It  should  also  be  re- 
membered that  all  our  ordinary  discriminations  of  musical  sound 
apply  to  composite  tones,  or  "  clangs  ; "  in  discriminating  these  we 
toe  aided  by  the  color-tone,  or  tone-feeling,  which  belongs  to  each 
:3iote  as  sounded  by  some  sonorous  body  with  whose  peculiarities 
'^^e  are  previously  more  or  less  acquainted. 

It  follows,  then,  that  the  judgment  is  supplied,  by  the  varying 

qualities  of  musical  tones,  with  the  means  for  arranging  them  in  a 

^^OQtinuous  series  which  may  be  symbolized  by  different  positions 

^uttigned  along  an  uninterrupted  straight  line.     Of  any  three  un- 

Xxle  tones,  one  must  be,  and  only  one  can  be,  arranged  as  respects 

^>it6h  between  the  other  two.     And  whenever  any  two  tones,  as  m 

icl  n,  are  given,  another  sliding  tone,  which  begins  with  m  and 

vrith  n,  is  possible.     Moreover,  within  the  bounds  of  our  ex- 

of  tones,  as  we  advance  along  the  scale  toward  either  the 

or  the  lower  limit,  we  see  no  tendency  in  the  qualities  of 

^^   sensations  to  approach  each  other.     In  this  respect  the  scale 

^^  sound-tones  is  wholly  different  from  that  of  color-tones.      There 

•*^      not  two  ways,   for  example,  of  getting  from  a'    to   c'   (one 

*^^^^>'cigh  b\  c*,  etc.,  and  the  other  through  g\  f\  etc,  around  to 

^  »  ^»  '  and  then  c'),  as  there  are  two  ways  of  going  from  yellow  to 

"lu^    (i.e.,  through  green  and  blue-green,  or  through  violet,  red, 

*^^   orange).     We  speak,  then,  of  the  series  of  tones  as  a  constant 

^^^   infinite  series ;  although,  of  course,  no  series  of  states  of  con- 

•J^^T^jDiess  is  really  infinite,  and  although  the  upper  and  lower 

^^^  of  the  musical  scale,  as  well  as  the  limits  of  the  least  ob- 

^^^ble  differences  between  two  tones,  are  not  constant  but  vari- 

*"*^  tox  different  individual. 

^^l^e  symbolism  taken  from  relations  of  space,  which  we  employ 

^u^Tx  we  speak  of  certain  acoustic  sensations  as  "  high "  and  of 

otn^i^g  as  "low'*  in  pitch,  or  when  we  distinguish  so-called  "in- 

^T^^ls  "  between  the  tones  as  large  and  small,  is  strictly  applicable 

013^^  to  the  complex  tactual,  visual,  and  muscular  sensations  that 

acootnpany  the  acoustic.     In  sounding  the  lower  tones  with  the 
dl 
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voice  the  organs  are  depressed  ;  in  sounding  the  higher,  they  are 
elevated.  Low  notes  have  a  certain  breadth  and  gravity  vrhich 
corresponds  to  the  foundations  of  a  spatial  structure  ;  as  sensations 
they  require  more  time  to  come  into  and  depart  from  conscious* 
ness,  as  it  were.  A  great  intensity  and  slower  tempo  belong  to  the 
bass-viol  than  to  the  violin.  We  read  up  for  the  notes  of  highest 
pitch,  and  down  for  those  of  lowest  pitch,  in  the  written  musical  scala 
§  21.  We  have  seen  that  tones,  like  rays  of  light,  come  to  us  as 
compounded  into  ''  clangs  ; "  these  really  composite  tones  being 
esteemed  as  single  notes  in  ordinary  experience.  The  nature 
such  comix>sition  determines  the  so-called  "timbre,"  or  "color 
tone,"  of  the  notes.  Each  sensation  of  a  clang  is  a  summing-up  i 
consciousness  of  several  absolute  qualities  of  musical  sound ;  thi 
stimulus  which  occasions  this  complex  subjective  state  is  a  compl< 
sound-wave  made  up  of  the  contrasts  and  coincidences  of  sev* 
single  waves  that  have  the  character  of  simple  pendulum  vibratio: 
The  quality  of  each  clang  depends  upon  the  form  of  this  compli 
sound-wave.  We  need  not  consider  in  detail  the  physics  an< 
mathematics  of  such  complex  waves.  It  is  enough  to  observe 
those  single  tones  whose  vibrations  stand  in  simple  mathemati< 
relations  to  each  other,  when  combined  into  a  clang,  cause  a 
culiai'ly  pleasant  sensation  ;  those  whose  vibrations  stand  in  ooi 
plex  mathematical  relations  make,  when  combined,  an  unpleasa 
sensation.  In  an  octave  of  the  musical  scale  the  eight 
notes  stand  in  the  following  ratios  to  each  other.* 


C    ; 

;    D 

:    E 

:    P    : 

Q 

:    A 

:    B 

:    C 

1    : 

« 

:    i 

:    *    : 

1 

••    1     : 

•  ¥ 

:     2 

8    : 

9 

:    10 

:10f: 

12 

:13i 

;  15 

:  16 

That  is  to  say,  while  the  tone  C  makes  one  vibration,  D  mal^^^fiv 
nine-eightlis,  and  IJ  makes  five-fourths,  etc. ;  or  while  C  make^      8 
vibrations  IJ  makes  9,  E  makes  10,  etc.     Of  these  relations  in  LJ^ 
number  of  vibrations  the  simplest  is,  of  course,  that  of  the  octa'V'^ 
1:2.     The  acoustic  waves  which  constitute  the  stimuli  of  e»cb 
complex  sensation  called  a  "  clang,"  accordingly,   also  permit  of 
being  regarded  as  the  summing-up  of  the  waves  of  a  fundamentil 
tone  and  of  certain  partial  tones  belonging  to  the  fundamental 
tone.     These  partial   tones,  or  "over-tones,"  are  called  "the  har- 
monics "  of  tlie  **  clang,"  or  single  compound  tone. 

§  22.  When  two  or  more  "  clangs  **  are  sounded  together,  the  re- 
sult is  what  is  called  either  a  "chord  "  or  a  "  discord."    The  former 

'  For  the  mathematics    and  physics  of  tones,  see  Hensen,  In  Hermiim*s 
Handb.  d.  Physiol.,  IIL,  ii.,  pp.  4ff. 
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BlBU«r  nil  unpleasant,  complex  of  sensatinns  ;  cod- 
mce  are  Llius  spcilccti  of  as  ijudlitieii  of  scnsattoos 
Thus,  if  c  auil  <•'  ore  struck  together  upon  a 
^  th«  combination  of  ckiiga  b  a  rlionl,  or  liarnio- 
eal  Kraod  :  but  if  r  &utl  <i,  or  <■  and  c  sharp,  or  e  aud 
Ma  MtvaDtfa.  b  above,  an  tutuulUneoualy  munilccl,  tlien  Uie  coin- 
binstioo  of  Umea  is  unpleosimt  Coses  of  couHOiiaueu  and  <liBW>- 
■■BM  diflsr  from  ttiosn  jnst  cousiderod  under  the  term  "  daug  " 
mij  willi  n-ftpL-ct  to  the  rebitivo  streugUt  of  tbe  partial  tones  aa 
■OBfaured  witb  tbe  fuodainental  tones :  in  the  claut;  the  over-toDes 
B*  W«aJt  >B  compared  nitli  the  one  fundamental  tone  ;  but  in  tbe 
iihnnl  or  diaconl  the  fundainental  tones  of  tbe  other  cliuiga  are,  of 
Cooni^  atrons.  and  stand  in  powerful  relationa  of  coiiHotiaiice  or 
ilbMiimm  both  toward  the  fundiiinenta]  tone  of  tliu  lowest  clang 
nd  Imntnl  ita  partial  tonea  All  the  partial  tones  of  the  different 
1  daags  enter  into  tlio  fortnntion  of  tbe  total  result  pro- 
Accordinff  to  the  table  already  given  (]>.  322),  tbe  Octave 
I  tniwl  pi-rttvi  pdHHible  consonance  (1  :2):  then  tbe  Twelfth 
I,  the  FifUi  (2  :  -.i).  the  Fourth  (3  :  i),  tbe  Sixth  (S  :  A),  tbe  ma- 
r  Thin!  (5 :  6j.  Wltli  the  relation  of  tho 
[(^bonUis  of  dissonance  ;  in<tced,  the  ancient 
i  tbe  ThinI  a  diawjuanco,  und  AToided 
■  l&lmboltz  supposes,  tbeir  ears  were  more 
aoura.  Tliecouwinancoof  theSiithnnd  that 
if  Iba  Foorth  bare  olao  been  much  disputvd.  The  niajnr  Sixth 
imI  nwjarTbird  arc  called  by  Helmholtz  "medial  couaouancea;" 
iLe  minor  Third  and  minor  Bixtli,  "  imperfect  consonancca." 

An  KnalftBa  of  I1m>  barmonics  of  these  cousonauceH  yieltls  tbe  fol- 
bwiag  n«ult>'.'  wluch  show  the  amount  of  coincidence  belonging 
Id  tte  Mmuatii;  waTM  of  the  ditEereut  tonea  when  combined  in  a 
^urd  with  a  (andjuncDtal  tonB. 


l*^ 


>'K'V*o' 


lbtwT1>trJ| 
r  Sixth  ia  WDilar  in  tbe  form  of  its  b&rmouics  to  tbe 


Tbf  H«bhUodi  ot  Tona,  f.  SSI  t 
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Two  psjcho-physical  causes  for  the  characteristic  feelings  which 
belong  to  sensations  of  consonance  and  dissonance,  respectiyelT, 
may  be  assigned  with  more  or  less  of  probability.  The  first  is  that 
proposed  by  Helmholtz.*  The  feeling  of  dissonance  which  is  pro- 
duced by  sounding  together  two  notes  that  differ  only  by  a  semi- 
tone is  found  to  be  increased  when  the  difference  in  the  pitch  o: 


the  notes  is  still  further  diminished.  Successiye  shocks  called^^S 
**  beats  '*  occur,  less  frequently  but  more  decidedly  and  unpleasantly^.^e'  ^> 
as  the  pitch  of  the  notes  becomes  more  nearly  the  same.  The  feel —  -A- 
ing  of  dissonance  is  found  to  reach  its  height  when  the  number  o^  -«i 
beats  is  about  30  per  second.  For  example,  if  b^  (495  yibrationsjfl^^s) 
and  e*  (528  vibrations)  are  struck  together,  the  number  of  beafi'  ■  in 
is  33  (528  —  495=33),  and  the  dissonance  is  very  strongly  marked-  i^3. 
In  all  marked  dissonances  such  beats  occur  at  the  rate  of  from  2CI^  ^ 
to  40  in  a  second.  The  unpleasant  effect  in  consciousness  is  an> 
alogous  to  that  produced  by  all  sudden  and  rapid  intermission  o 
stimulation  ;  as,  for  example,  the  flickering  of  light  or  the  scrapin^^  -flg 
of  uneven  surfaces  over  the  skin.  The  feeling  of  consonance  is  du*-. 
to  the  absence  of  beats.  In  addition  to  Helmholtz's  negative  reasoi 
Oettingen  has  proposed  the  positive  one,  that  the  pleasantness 
harmony  is  due  to  what  he  calls  the  '*  tonicity  "  and  "  phonicity 
of  certain  intervals  and  combined  notea  '*  Tonicity  **  is  the 
erty  of  being  recognized  as  a  constituent  of  a  single  fundament 
tone  which  is  designated  by  the  name  "tonic."  "Phonicity" 
that  property  of  a  chord  or  interval  which  consists  in  the  possessic 
of  certain  partial  tones  that  are  common  to  all  tones.  The  first 
these  qualities  of  harmony  seems  to  ally  the  pleasure  it  yields 
that  which  follows  even  the  obscure  and  only  half-conscious  pe 
ception,  as  it  were,  of  all  relations,  as  such,  between  our 
tions. 

§  23.  In  order  that  the  physical  apparatus  of  hearing  may  a<cr/ 
as  the  organ  of  those  wonderfully  fine  discriminations  which  belox?^ 
to  the  most  analytic  of  all  the  senses,  it  would  seem  that  it  muM 
possess  an  outfit  of  end-organs  with  structure  sufficiently  minute 
to  serve  as  a  basis  for  a  satisfactory  development  of  "  local  signs.*' 
The  number  of  the  cells  of  Corti,  and  of  their  separate  terminal 
auditory  nerves,  has  been  calculated  by  Hensen'  at  about  16,400; 
by  Wakleyer '  at  20,000.     It  is  doubtful,  however,  whether  even 
this  large  number  will  suffice  to  account  for  that  niceness  of  audi- 
tory discriminations  which  we  have  seen  to  be  jpossible. 

>  The  Sensations  of  Tone,  p.  255  f . 

*  In  Hermann's  Handb.  d.  PhjsioL,  III.,  iLt  p.  110. 

3  Strieker's  Gewebelehre,  IL,  p.  954. 


CHAPTER  IV. 
THE  QUALITY  OF  SENSATIONS.    [Oqhcirxtbd.] 

§  L  The  analysifl  of  the  qualities  of  different  Sensations  of  Sight 
18  much  more  intricate  than  that  of  any  of  the  other  senses.  They 
may  all  be  described  as  sensations  of  color  and  light ;  but  an  in- 
definite number  of  colors  is  known  to  experience,  and  as  many 
grades  of  the  sensation  of  light  Moreover,  the  quantity  of  the 
white  light  which  acts  as  stimulus  upon  the  eye  has  an  important 
effect  upon  the  quality  of  the  resulting  color-sensation ;  in  other 
words»  the  tone  of  the  color  is  dependent  upon  the  amount  of  white 
light  which  is  mixed  with  the ''  saturated  "  spectral  color.  The  size  of 
the  colored  object  and  the  resulting  breadth  of  the  sensation,  as 
well  as  the  intensity  of  the  stimulus  and  the  time  during  which  it 
aets^  also  affect  the  quality  of  the  sensation.  Still  further,  the  same 
stimulus  produces  different  sensations  as  it  falls  upon  different  por- 
tions of  a  normal  retina ;  while  a  considerable  class  of  persons  are 
color-blind,  or  incapable  of  certain  kinds  of  colornsensatiomu  The 
previous  condition  of  the  retina,  and  the  relations  between  the  con- 
tiguous portions  when  any  considerable  area  of  it  is  under  stimu- 
lation, must  also  be  taken  into  account  The  fundamental  laws 
governing  sensations  of  sight  can,  therefore,  be  discovered  only  by 
excluding  for  the  time  many  of  those  variable  elements  which,  in 
fact,  always  enter  into  the  determination  of  the  exact  quality  of 
such  sensations.  Thus  defining  the  first  problem  before  us,  we 
find  that  it  may  be  stated  in  the  following  terms.  What  sensations 
result  from  the  stimulation  of  a  sufficiency  small,  but  not  too  small, 
area  of  the  most  central  part  of  a  normal  retina,  for  a  given  time, 
when  it  is  not  fatigued  and  the  eye  is  at  rest,  and  with  neither  too 
great  nor  too  small  intensity  of  a  given  kind  of  light?  Such  sen- 
sations may  be  called  (though  somewhat  ineptly)  normal  sensations 
of  color.  When  the  foregoing  question  is  answered  we  may  go 
on  to  consider  the  most  important  variations  possible  on  account 
of  various  forms  of  departure  from  the  so-called  normal  conditions 
of  sensation. 

§  2.  The  ordinary  stimulus,  the  application  of  which  to  the  eye 
gives  rise  to  the  sensations  of  sight,  is  light — or  certain  exceedingly 
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rapid  oscillations  of  luminif erous  ether.  Some  forms  of  mecham- 
cal  and  electrical  stimuli  also  produce  the  same  sensations.  Any 
violent  shock  to  the  eye,  such  as  a  blow  upon  the  back  of  the  head, 
may  fill  the  whole  field  of  vision  with  an  intense  light  The  action 
of  mechanical  pressure  of  moderate  intensity  upon  a  limited  part 
of  the  retinal  elements  may  be  studied  by  rolling  the  eyeball  in- 
ward and  using  the  fingernail,  or  a  small,  blunted  stick,  upon  Qit 
outer  surface  of  the  closed  lids.  By  such  stimulation  disks  of 
light  (called  phosphenes),  with  darkly  colored  edges,  are  produced 
in  the  field  of  vision  of  the  closed  eye.  Some  observers  have 
claimed  that  very  strenuous  exertion  of  the  apparatus  for  accom- 
modation occasioned  in  their  eyes  similar  phenomena  ("phos- 
phenes  of  accommodation  ").  On  making  or  breaking  a  weak  elec- 
trical current  sent  through  the  eye,  the  entire  field  of  vision  is 
lighted  up ;  the  constant  current  also  seems  to  excite  the  optic 
nerve.  The  quality  of  the  sensations  thus  excited  is  found  to  de- 
pend upon  the  direction  of  the  current  through  the  nerve.  When 
the  current  is  ascending,  the  place  where  the  nerve  enters  the  ret- 
ina appears  as  a  dark  disk  upon  a  field  of  vision  that  is  bright- 
er than  it,  and  of  pale  violet-color ;  when  it  is  descending,  as  a 
bright  bluish  disk  on  a  field  of  dark  or  reddish-yellow  color.  The 
retina  has  also  a  **  light  of  its  own  "  {Eigenlicht) ;  for  its  nervous 
elements  are  rarely  or  never  inactive,  but  have  a  continuous  tonic 
excitation.  Hence  the  most  gorgeous  and  varied  coloring  is  often 
seen  when  the  eyes  are  closed  in  a  darkened  room.  This  normal 
light  of  the  retina  is  not  constant  either  in  degree  or  in  quality ; 
both  the  form  and  the  color  of  the  different  minute  parts  of  the 
field  of  vision,  as  lighted  by  it,  are  very  changeable.  It  may  be 
said  to  have  the  rhythmic  movement  of  all  tonic  excitation.  Such 
excitation  is  supposed  to  be  due  to  chemical  effects,  wrought  by 
the  changing  supply  of  blood,  upon  the  nervous  elements  of  the 
retina  and  (perhaps,  also)  of  the  central  organs  of  the  brain.  The 
peculiar  action  of  the  ascending  and  descending  electrical  current 
has  been  thought  by  some  *  to  be  due  to  its  catelectrotonic  or 
anelectrotonic  effect  upon  the  central  organs  by  way  of  the  optic 
nerve.  Aubert  has  estimated  the  retina's  own  light  to  be  about 
equal  (in  his  case)  to  half  the  brightness  of  a  sheet  of  white  paper 
when  seen  in  the  full  light  of  the  planet  Venus. 

§  3.  The  place  where  the  light  acts  (and  here,  aa  is  supposed,  only 
indirectly  tlu-ough  photo-chemical— and  perhaps  electro-motive — 
changes  in  the  pigments  of  the  eye)  upon  the  end-organs  of  vision 

'  See  Fiok,  Physiolog.  Optik,  iu  Hermann's  Handb.  d.  PbjsioL,  UL,  L,  p. 
280. 
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moat  be  located  at  the  back  of  tlie  retina  in  Uie  roda  and  conea 
[see  Fart  L,  Chap.  V.,  §§  16-22).  The  ar^ment  by  which  we  have 
sonnected  the  analytic  power  of  vision  with  the  atmcture  of  thia 
lervons  Uyer  may  be  carried  yet  further  into  details.  It  appears 
ikely  that  each  element  of  the  stmctnre— at  least  in  some  parts  of 
ihe  retina — should  be  regarded  as  an  isolated  sensitive  spot,  which 
Eorresponds  on  the  one  side  to  definite  excitations  from  the  appro- 
[oiate  stimuli,  and  on  the  other  side  to  the  smallest  localized  seo- 
Batioua  of  color  and  light  la  order  that  two  visual  sensations 
may  be  seen  an  separate,  yet  side  by  side,  in  an  object,  two  neigh- 
boring retinal  elements  must  be  excited  by  the  stimulus.  This 
implies  that  the  breadth  of  retinal  surface  stimulated  must  be,  at 
least,  about  that  of  the  distance  between  two  such  elements.  With 
this  hypothesis  the  facta  of  histolt^y  and  experimental  physiology 
agree  lairly  well. 

The  degree  of  accuracy  which  sight  can  attain  is  dependent 
upon  the  size  of  the  retinal  elements  directly  affected  by  the 
light'  Hooke  olraerved  that  no  one  can  distinguish  two  stare  as 
two,  unless  they  are  apart  at  least  30" ;  few,  indeed,  can  distiu' 
guisb  them  when  leas  distant  from  each  other  than  60".  E.  H. 
Weber  could  not  perceive  as  separate  two  lines  whose  distance 
did  not  cover  at  least  73"  of  the  angle  of  vision  ;  Helmholtz  puts 
the  limit  of  his  sharpness  of  vision  at  64".  The  numbers  60", 
64",  and  73",  in  the  angle  of  vision,  correspond  to  a  size  of  the 
retinal  elements  varying  from  0.00438  mm.  to  0.00626  mm.;  and 
this  agrees  very  closely  with  the 
calculated  breadth  (by  Kolliker) 
of  tbe  thickness  of  the  cones  in 
the  yellow-spot — namely,  0.0045 
mm.  to  0.0065  mm.  (0.000177  in. 
to  0.0002165  in.).  If  white  lines 
be  drawn  on  a  dark  ground  so 
closely  together  as  to  approximate 
this  hmit  of  vision,  they  will  ap- 
pear, not  straight,  but  knotted  and 
nicked.  This  fact  is  due  to  the 
action  of  the  stimulus  on  the  mo- 
saic of  roda  and  cones,  as  seen  by  the  accompanying  figure  (No.  90). 
The  diminishing  sharpness  of  vision  as  we  move  away  on  the  sur- 
face of  the  retina  from  its  most  centnil  area  corresponds  to  the 

'  Sea  Helmholtt,  Handb.  d.  PhyBiol(«,  OpUk,  Leipilg.  1887,  p.  215  it.; 
Fick,  mHeTmann'a  Hsndb.  d.  Physiol.,  HI.,  ).,  p.  1-52  f.;  vod  KiioB,  AroIiW 
1.  Anat  a.  PbjiioL,  Ph^nolos.  Abtb.,  1883  (Appendix),  p.  24  f. 
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comparatiye  paucity  of  the  neryoos  dements  which  enter  into  the 
structure  of  the  peripheral  part& 

§  4  Excluding  consideration  of  those  changes  in  the  quantity, 
as  such,  of  visusd  sensations  which  are  produced  by  changes  in  in- 
tensity of  the  light)  and  confining  our  attention  to  what  has  already 
been  defined  as  the  normal  action  of  the  eye  (comp.  p.  826),  we  treat 
scientifically  all  the  different  sensations  of  sight  when  we  describe 
(1)  the  wave-lengths  of  the  different  kinds  of  colored  light,  or  pure 
color-tones,  and  (2)  the  relations  in  which  the  different  colon 
stand  with  respect  to  the  amounts  of  white  (or  coloriess  light)  and 
saturated  light  (or  lighf  of  pure  color-tone)  which  enter  into  them. 
The  foregoing  distinctions  in  the  quality  of  our  color-sensations 
may  be  confirmed  by  an  appeal  to  experience.  Red  is  unlike  yellow 
in  "  color-tone,'*  and  both  are  unlike  blue  ;  but  orange  is  more  like 
either  red  or  yellow  than  it  is  like  blue,  while  violet  is  more  like 
blue  than  it  is  like  either  yellow  or  red.  Yet  we  distinguish  colors 
of  the  same  class  (red,  green,  or  violet)  as  being  like  or  unlike 
with  respect  to  their  "  brightness  ; "  and  in  respect  of  brightness,  a 
certain  shade  of  red  may  differ  more  from  another  shade  of  red  than 
it  differs  from  some  shade  of  yellow,  green,  or  blue.  The  bright- 
ness of  a  color  is,  scientificaUy  speaking,  dependent  both  upon 
the  degree  of  saturation  which  the  color  possesses  and  upon  the 
total  intensity  of  the  light 

§  5.  A  color-tone  is  said  to  be  "  pure  "  or  "  saturated  "  when  it  is 
free  from  all  admixture  of  other  color-tones.  Pure  or  satiurated 
color-tones  can  be  obtained  only  by  use  of  the  spectrum,  which, 
on  account  of  the  different  refrangibility  of  the  different  colored 
rays  that  compose  it,  analyzes  the  compoimd  ray  of  white  light  into 
its  constituent  color-tones.  By  stimidating  with  diflierent  simple 
rays  those  nervous  elements  which  have  the  same  local  situation 
at,  or  very  near,  the  pole  of  the  eye,  we  test  the  question  whether 
each  special  color-sensation  corresponds  to  a  special  physical  con- 
struction of  the  stimulus.  It  is  thus  discoyered  that  the  compound 
ray  of  sunlight,  so  far  as  it  stimulates  the  himian  eye,  is  made  up 
of  components  formed  by  oscillations  varying  all  the  way  between 
about  three  hundred  and  seventy  billions  and  about  nine  hundred 
billions  per  second ;  and  that  the  color-tone  of  the  sensation  changes 
as  the  number  of  these  oscillations  changes.  The  following  table  ^ 
exhibits  these  facts  on  the  scale  of  Fraunhofer's  lines,  which  mark 
those  portions  of  the  spectrum  where  its  principal  colors  appear 
most  obvious  to  the  normal  eye. 

^  Taken  from  Fick,  Physiolog.  Optik,  in  Hermann's  Handb.  d.  Physiolog;, 
in.,i.,  p.  173. 
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Name  of  tha  Una. 

Nmnber  of  Tibr»- 
tkma  per  woond. 

WftTtt-kngth  in  the  ur. 

B 

Rillioiu. 

450 
472 
626 
589 
640 
722 
790 

MillimetSTK 

0.0006878 

C 

0.0006664 

D 

a0005888 

E 

0.0006260 

p 

0.0004843 

G 

0.0004291 

H 

0.0008928 

Bays  of  light  which  have  a  number  of  oacillations  less  than  four 
hundred  and  Beyenty  billions  per  second,  so  far  as  they  affect  the 
Totins  at  all,  occasion  the  sensation  of  Bed ;  and  this  sensation  does 
not  Tary  essentially  in  quality  when  the  oscillations  are  four  hundred 
^md  forty  to  four  hundred  and  sixty  billions.   But  when  their  number 
increases  beyond  four  hundred  and  seventy  billions  (C)  the  quality 
^  the  sensation  changes  rapidly,  takes  on  a  yellow  tone  (Orange- 
bellow),  and  finally,  at  about  five  hundred  and  twenty-six  biUions 
^D),  corresponds  to  what  we  definitely  call  Yellow.     This  yellow 
liecomes  greenish  as  the  oscillations  increase  in  number,  until  they 
about  five  hundred  and  eighty-nine  billions  (E),  when  Green 
;{^eara     (Changes  from  yellow  to  green  occupy  only  a  small  zone 
the  spectrum.)    The  green  in  turn  becomes  bluish ;  at  six  hun- 
<3red  and  forty  billions  (F)  Blue  begins  to  appear.     From  this  point 
-^X}  seven  hundred  and  twenty-two  billions  (F-G)  the  color-tones 
^hat  lie  between  blue  and  violet  are  run  through ;  beyond  the  latter 
xiumber  Violet  comes  to  view. 

The  color-tones  of  the  spectrum  are,  therefore,  not  sharply  sepa- 
rated, but  pass  gradually  into  each  other.  The  nearer  together  two 
colors  ore  situated  in  the  spectrum,  the  more  nearly  do  they  corre- 
spond in  the  quality  of  their  sensations.  Nor  has  the  spectrum  any 
sharply  defined  limit  at  either  end,  but  passes  gradually  into  black 
— more  gradually  at  the  violet  than  at  the  red  end.  The  energy 
of  the  iJ^ra-red  rays,  as  measured  by  their  physical  and  chemical 
action,  is  greater  than  that  of  the  more  highly  refrangible  rays. 
The  fact  that  these  rays  do  not  excite  visual  sensations  must,  then, 
be  due  to  the  structure  of  the  retina.  The  u/^ra- violet  end  of  the 
spectrum  has  been  made  visible  for  a  certain  extent  by  experiment ;  * 
it  produces  the  sensation  of  a  glimmer  of  lavender-gray  color.  Our 
inability  to  perceive  these  uUra-red  and  wZ/ra-violet  rays  is  not  to 
be  considered  an  imperfection  of  the  eye,  as  Tyndall  thought.  It 
is  rather  purposeful,  and  of  the  greatest  importance  for  vision  ; 
sinewy  if  these  ultra  rays  were  visible,  the  clearness  of  objects  would 

1  Bee  Helmboltz,  Physiolog.  Optik,  p.  282  f. 
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be  much  disturbed  by  the  chromatic  abemtioii  of  the  refractiiig 
apparatus  of  the  eja* 

$;  ().  Besides  the  foregoing  distinctions  of  color-tones,  the  im- 
pression made  by  the  green-yellow  of  the  spectmm  (D-£»  and  im- 
mediately about  D)  is  by  far  the  strongest ;  or,  as  we  shoold  ssy, 
this  color  is  naturaUy  the  '*  brightest "  of  the  spectral  color&  From 
the  region  immediately  around  D,  the  brightness  of  the  color-tones 
diminishes  toward  both  the  red  and  the  violet  ends  of  the  spectrum 
— at  first  quickly,  then  more  slowly,  and  then  more  quickly  again. 
Such  a  relation  cannot  be  due  to  the  spectrum  as  an  objectife 
afiair ;  for  if  we  measure  by  other  physical  means  the  amount^f 
energy  belonging  to  its  different  regions,  we  find  that  of  the 
rays  (which  are  by  no  means  brightest)  to  be  strongest     We  mi 


ABC 


H 


Fio.  91.— (From  Pick.)  The  letteri  on  the  horiaontal  line  ■tand  for  Fmmbota*!  Uhm.  Tte 
onlinatM  of  the  intrrrnpted  cnnrod  line  iliow  the  biiffhmeae  of  mja  «■  aaeo  ;  tiM  ordiitstae  ol 
the  dark  curvt'd  line,  the*  Intensi^  of  the  rajt  tm  moMured  bj  calorlfto  efleoC 

then,  Rork  an  explanation  in  the  structure  of  the  retina,  and  conclude 
that  it  is  peculiarly  sensitive  to  stimulations  by  oscillations  of  about 
five  hundred  and  fifty  billions  per  second.  The  sensitiveness  of  the 
retina  to  sli^^lit  variations  in  color-tone,  as  dependent  upon  differ- 
ences in  the  wavelengths  of  the  stimulus,  is  also  different  at  different 
portions  of  the  Rpectrum.  It  is  greatest  in  the  green  and  blue- 
green  regions  (D  and  F). 

The  following  tabic  represents  both  the  foregoing  laws.  The 
numbers  of  the  second  and  third  columns  show  the  relative  bright- 
ness with  which  the  different  colors  of  the  spectrum  appear  to  the 
eye,  as  calculated  by  different  methods  and  by  two  observers.  It 
will  be  seen  that  the  results  agree  substantially,  though  by  no 
means  perfectly.  In  the  last  two  columns  the  letter  sstand  for 
Fnmnhofer's  lines,  and  the  figures  give  the  fractional  variation  in 
the  wave-lengths  which  produces  an  observable  variation  in  the 
color-tone  for  different  regions  of  the  spectrum.* 

*  S«»e  Fick.  Compt»ndium  d.  PhjBiologie,  2d  edition,  p.  181  f. ;  and  Her- 
mann's Handb.  d.  Physiol.,  111.,  i.,  p.  181  f. 

*  See  Helmholt2*B  Physiolog.  Optik,  p.  817  f;  von  Krie^  in  Arohiv  f.  Anat 
n.  Physiol.,  Physiolog.  Abth.,  1882 (Appendix),  pp.  56-76  ;  Fick,  in  Herm^ii*t 
Handb.  d.  Physiol.,  HI.,  i., p.  174  f. ;  Maudelstamm and Dobrowoliky,  in  Archiv 
f.  Ophthalmologie,  XUI.,  IL,  p.  309,  and  XVllL,  i.,  p.  66. 
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BecUB 

Orange,  C 

Beddish-jellow,  D 

YeUow,0-£ 

Green,  B. 

Blue-green,  F 

Bine,  G 

Violet,  H 


FfmnnhofBr. 

Tierovdt. 

82 

22 

94 

128 

040 

780 

1,000 

1,000 

480 

870 

170 

128 

;         81 

8 

5.6 

0.7 

XandeltUmin  And  Dobrowolnky. 


B  .. 
C... 
C-D 
D.. 
D-B 
E  .. 
B-F 
F... 
G... 
H.. 


§  7.  The  colors  of  eyery-day  experience,  like  its  musical  tones,  are 
not  simple  and  pore  color-tones,  such  as  are  obtained  by  spectral 
analysis ;  they  are  composite.     Inquiry  must  therefore  be  raised  as 
to  the  effect  produced  in  sensation  from  the  oo- working  of  two 
liomogeneousrays  of  light  upon  the  same  elements  of  the  retina 
imder  all  the  normal  conditions  to  which  reference  was  previously 
:made.     In  pursuing  this  inquiry  no  direct  assistance  can  be  ob- 
iained  from  the  discriminations  of  consciousness  ;  for  sensations  oft 
color,  unlike  those  of  musical  clang,  cannot  be  mentally  analyzed 
into  their  constituent  elements.     The  science  of  optics  makes  us 
acquainted,  however,  with  the  following  facts :    When  the  wave- 
lengths of  the  two  colors  mixed  vary  but  slightly  (a  few  billions  of 
oscillations  in  a  second)  from  each  other,  the  color  resulting  from 
ihe  mixture  lies  between,  and  may  be  recognized  as  a  '*  shade  "  of, 
the  colors  mixed.     By  selecting  for  mixture  color-tones  that  lie 
apart  at  all  possible  distances  along  the  spectrum,  an  indefinite 
number  of  impressions  of  color  may  be  obtained,  which  all  differ 
from  those  obtained  by  the  homogeneous  colors.     These   mixed 
color-impressionSy  however,  are  not  all  different  from  each  other ; 
BO  that  the  number  of  the  qualities  of  resulting  sensations  is  far  less 
than  that  of  the  compound  physical  processes  which  stimulate  tlie 
retina.     Their  character  depends  both  upon  the  place  of  the  spec- 
trum from  which  the  simple  color-tones  arc  selected  for  mixture, 
and  also  upon  the  relative  intensity  of  the  ones  selected.     For  ex- 
ample, if  a  ray  of  four  hundred  and  fifty  billions  of  oscillations  per 
second  (red)  be  mixed  with  one  of  seven  hundred  and  ninety  billions 
(violet),  a  new  series  of  impressions  of  color  (the  purples)  is  attained 
by  varying  the  intensities  of  the  two.    'These  impressions  are  more 
or  less  like  red  or  Uke  violet,  according  to  the  relative  amounts  of 
the  rays  of  four  hundred  and  fifty  bilHons  and  of  seven  hundred  and 
ninety  billions  which  enter  into  the  mixture.     Moreover,  there  are 
found  to  be  two  ways  of  advancing  by  this  process  of  mixing  color- 
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tones  toward  any  one  of  the  composite  colora  Thus,  we  may  pass 
from  yellow  to  blue  either  through  green-yellow,  green,  and  blue- 
green,  or  through  orange,  red,  purple,  and  yiolei  The  following 
table '  is  of  interest  in  this  connection.  Where  two  colors  aze  given 
as  resulting  from  the  mixture,  the  variation  is  to  be  ondeniiood  as 
dependent  upon  the  prevailing  intensity  of  one  of  the  two  oompo- 
neuta 


Red  and  Yellow  

Orange  and  Yelk>w<green 

Yellow  and  Green 

Tellow-green  and  Blne-ffreen . . 

Green  and  Cjranic  Blue 

Blue-green  and  Indigo 

Cjanic  Blue  and  Violet 

'ued  and  Yellow -green 

Bed  and  Green 

Violet  and  Blue-green 

Violet  and  Green 

Violet  and  Orange 

Bed  and  Cyanic  Blue 

Bed  and  Indigo 


w3tith. 


SpectiaL 

Yallow-green Wbltlah. 

Green 

Bine-green 

OjanicBloe 

Indigo 

Orange  or  Yellow 

Orange  or  Yellow  or  Yellow-green 

Indigo  or  Cyanie  Blue 

Indigo  or  Cyanic  Bine  or  Bine-green... 

Red . 

Indigo  or  Violet 

Violet 


Whidah. 


WbitUu 
WbitiA. 
Whttlah. 
Slightly  whitiA. 


§  8.  The  number  of  colors  distinguishable  by  the  human  eye  is 
not  cosily  stated  with  accuracy ;  like  the  number  of  musical  tones^ 
it  varies  with  different  individuals.  The  usual  number  of  seven 
fundamental  colors,  as  fixed  by  Newton,  with  the  intent  of  forming 
an  octave  in  the  scale  of  color-tones,  has  no  sufficient  claim  to 
acceptance.  Six  of  the  seven — namely,  red,  orange,  yellow,  green, 
blue,  violet — are  indeed  names  in  common  use.  But  indigo,  as  an 
intermediate  tone,  or  kind  of  semitone,  between  blue  and  violeti 
has  perhaps  no  more  real  right  to  recognition  than  various  other 
intennediate  color-tonea  Donders '  puts  the  number  of  color-tones 
distinguishable  in  oil-colors  at  one  hundred ;  von  Kries  '  the  rec- 
ognizable number  of  spectral  tints  at  about  two  hundred  and 
thirty.  But  each  of  these  yields  different  sensations  of  color  ac- 
cording to  the  degree  of  its  saturation  or  purity,  due  to  freed(»i 
from  admixture  of  white  light.  Another  series  of  variations  of  sen- 
sation must  be  allowed  for,  which  are  due  to  dififerences  in  "  bright- 
ness "  or  intensity.  Introducing  these  two  variable  elements,  von 
Kries  calculates  the  number  of  distinctions  of  color-sensations, 
possible  for  all  degrees  of  purity  of  tone  and  intensity  of  Ught^ 

'  Made  according  to  investigations  by  J.  J.  MtUler,  and  taken  from  Fiek,  ic 
Hermann's  Haudb.  d.  Physiol.,  III.,  i.,  p.  190.       . 
«  Archiv  f.  Ophthalmologie,  XXVII. 
«  Archiv  f.  Anat  u.  Physiol.,  Physiolog.  Abth.,  1882  (Appendix),  p.  68t 
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I  it%  liUDdrecl  tboosand  to  six  biiDdrod  thousand.  Tliia  tmiu- 
riuiilB  midwaj*  between  the  "  mtaiy  millioDs  "  of  vhicli  Au- 
Ipwlw  And  the  five  thousand  lUlowed  by  Donders.  Hcrechel 
^hog^t  ilut  the  workers  on  the  mosaics  of  the  Vatican  must  luire 
diMiagnubed  at  lewt  thirtj'  thousand  different  colors. 

|&  Esperitnent  also  sbows  that  IE  certain  color-tones  with  ft 
Cna  iatensiljr  tun  unitod  on  the  retina,  the  result  ia  a  senaiition 
■nUike  that  of  any  other  cf  the  colors,  whether  pore  or  mixed. 
Tbim  aeDMitioQ  we  call  "  white,"  luid  the  two  colors  wluch  hy  their 
adaixtnra  produeo  it  ■u'e  called  "  complementary."  Complemenlart/ 
*vian  UMJ  b«  mixed  niion  the  retina  in  various  ways  ;  eitlier  by  al- 
;  two  spectral  rays  property  selected  to  be  superimposed  at 
t  spot,  or  by  bl«nding  the  reflected  imai^es  of  two  colored 
L  or  by  blendLng  the  direct  visual  impressions  of  colored 
■  oo  a  swiftly  revolring  top  or  wheel,  etc.  But  however 
I,  Um  roMiltast  aoosation  is  tluit  of  a  so-called  "  white  ~  color 
■^  "whidi  all  traca  ol  tli6  ooustituent  elements  ia  lost.  Followiug  is 
"•of  complniwatary  colors : ' 


10.  If  the  iongdag  beta  and  laws  are  hold  to  1>o  trao  of  tbo 
~ "  eaniiMttoii  between  light  and  visual  sensations,  then 
iamem  ol  etrconuitaDocB  moat  bo  taken  account  of  on  "  ab- 
wbicb,  noTertbelesa,  cuter  into  all  our  daily  rxjwritiuco 
mMm^  Inds«d,  the  cnnnection  between  stimulus  and 
ia  not  tba  mno  for  difT'Timt  imlividuivU  who  poeoess  sub- 
ly  iJm  MnM  colar-scusaliuna ;  frequently  the  complorauDtary  [ 
for  two  diflbrent  individuals  aT«  not  preciaeJy  the  aane.  I 
Ni  Iba  two  ryea  of  tb«  sami^  individual  oft«B  dtOer  peroepUbly 
tfcia  tcgard.  Important  c1uuik<^  in  the  quality  of  the  aanaations. 
*^  Ihao  tlwae  direoUy  aacrifaable  to  obauftM  io  tlio  wayo-lmgtha 
ti^it,  taka  plaea  wboi  the  intensity  of  tbe  light  approachea  ei* 


^     cak*«  froH  IMMfcoUi.  PhyAOag.  OptUt,  p.  977.    Tlia  aowbtrtan  flvaa 
r\  ^wsAnA-mUUMllM  ef  a  ParisUa  loeb.  and  say  b«  rvdoMd  to  mlHtailw  i 
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ther  a  maximum  or  a  minimum.    At  the  maximum  intensitieB   ^ 
the  stimulus  all  sensations  of  color-tone  cease,  and  even  homo^^^ 
neous  rays  appear  white.     Previous  to  reaching  this  maximuflCLA 
red  and  green  pass  over  into  yellow.     At  the  minimum  intensitK^^i 
of  light  every  color-tone  except  the  pure  red  of  spectral  saturatiiH^Km 
appears  colorless  when  seen  alone  on  a  perfectly  Uack  grouiH^md. 
The  different  colors  appear  and  disappear,  as  such,  at  di£fere=9it 
degrees  of  intensity  of  the  stimulus — green,  among  them  all,  ^^sre- 
maining  visible  in  the  weakest  light     They  all  also  change  th^    eir 
tone  as  the  light  which  falls  on  them  diminishes  ;  but  it  is  scarc^^  dj 
possible  to  describe  the  law  of  this  change,  on  account  of  thegr- — eat 
difficulty  of  distinguishing  color-tones  in  very  weak  light. 

§  11.  Changes  of  color  also  take  place  when   the  time  of  the 

action  of  the  light  is  reduced  to  a  minimum.     Sensations  of 
rated  color  can  be  produced  by  instantaneous  illumination  of 
spectrum  with  the  electrical  spark.    More  time  is  needed,  howe — ^rer, 
to  produce  these  sensations  with  smaller  intensities  of  the  li^^lit 
The  different  colors,  even  when  of  the  same  brightness^  appear  tc^  in- 
quire different  amounts  of  time  in  order  to  reach  the  maximuzao  o( 
their  effect— red,  0.0573;  blue,  0.0913  ;  green,  0.133  of  a  sea^ncL' 
The  tone  of  the  color  varies  with  the  duration  of  the  impressioxx  as 
well  as  with  the  intensity  of  the  light.     Very  minute  objects,   too, 
appear  of  a  different  color  on  account  of  their  size.   In  general,   the 
larger  the  surface,  the  less  the  intensity  of  the  light  necessary  to 
produce  the  sensation  of  any  particular  color-tone  ;  the  greater*  ^^ 
intensity  of  the  light,  the  smaller  the  surface  which  will  suffice    ^^^ 
such  sensation.     Fick '  has  shown  that  the  color-sensations  deri^^ 
from  small  distinct  points  support  each  other,  as  it  were,  ia    *^® 
same  way  as  the  contiguous  points  of  a  colored  surface.     For  if  "^^ 
make  with  a  fine  needle  a  single  hole  (of  about  0.6  mm.  in  diam^t)^) 
in  a  sheet  of  paper  and  look  through  it  at  colored  paper  dist^t 
some  six  and  a  half  metres,  the  color  of  the  paper  cannot  be    ^^ 
tinguished.     But  if  the  number  of  holes  be  as  many  as  mxt^^^ 
the  color  can  be  distinguished  at  the  same  distance,  even  when  *^^ 
holes  through  which  we  look  are  smaller.     Subsequent  experiixi^'** 
has  shown  that  the  smaller  the  distance  between  the  single  p^*^^ 
rations,  the  gi'eater  the  distance  at  which  the  eye  can  recog^*^ 
colors  through  them.     In  general,  then,  two  weak  sensations,  ^^ 
of  which  belongs  to  one  eye,  may  fuse  together  into  one  st^^^ 
one. 

»  According  to  Kunkel,  in  Pflflger's  Archiv,  ix.,  p.  207. 

«  Pflflger's  Archiv,  xvii.,  p.  152. 

*  See  Dobrowolsky,  in  PflQger's  Arohiv,  xxxv.,  p.  G86f. 
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§  12.  Very  important  changes  in  the  visual  sensations  occur  as 
dependent  on  the  place  of  the  retina  which  is  stimulated.  In  this 
respect  a  great  difference  exists  between  the  central  and  the  pe- 
ripheral parta  The  entire  field  of  this  organ  may  be  somewhat 
indefinitely  divided  into  three  zones — a  central  or  polar,  a  middle, 
and  an  outer  or  peripheral  It  is  probably  true  that  the  i)eriph- 
eral  parts  of  the  retina  produce  no  sensations  which  cannot  be 
produced  by  stimulating  the  central  zone.^  But  it  is  equally  true 
that,  under  the  same  circumstances,  the  same  stimulus  produces 
a  markedly  different  effect  upon  sensation  when  appUed  to  differ- 
ent localities  of  the  retina.  Rays  which,  falling  on  the  polar  zone, 
produce  the  impression  of  red,  yellow,  or  green,  all  make  an  im- 
pression of  yellow  when  they  fall  on  the  surrounding  zone  (a  few 
millimetres  from  the  fovea  centralis) ;  and  this  yellow  is  so  much 
the  paler,  the  greener  the  impression  on  the  polar  zone.  Hays 
which  make  on  the  polar  zone  the  impression  of  blue  or  violet  make 
on  the  outer  zone  the  impression  of  blue ;  and  this  blue  is  so 
much  the  paler,  the  nearer  the  impression  on  the  polar  zone  is  to 
green.  It  follows,  then,  that  whereas  there  is  at  the  central  zone 
an  indefinite  number  of  color-tones  possible,  this  number  is  re- 
duced to  comparatively  few  impressions  at  the  middle  zone  ;  while 
all  color-tones  gradually  become  indistinguishable  and  ore  lost  on 
passing  through  the  outer  zone.  These  great  changes  in  sensi- 
tiveness to  color  are  not  accompanied  by  similar  changes  in  sen- 
sitiveness to  colorless  hght ;  it  even  appears  that  regions  of  the 
retina  distant  about  30"^  from  its  centre  are  more  sensitive  to  light 
than  is  the  polar  zone. 

A  certain  proportion  of  persons  (perhaps  one-twentieth  or  more) 
appear  to  have  a  defective  atruclure  of  the  retina,  which  may  be 
described  as  corresponding  in  the  polar  zone  to  that  of  the  normal 
retina  in  the  middle  or  even  the  outer  zone.  Such  persons  arc  said 
to  be  "color-blind."  The  farther  outward  this  imperfect  condition 
of  the  retina  extends,  the  nearer  does  the  defect  approacli  to  total 
color-blindnesa'  In  most  cases  of  this  defect  there  is  a  partial  or 
complete  insensitiveness  to  the  red  rays ;  these  rays  are  especially 
liable  to  be  confused  with  the  dark-green  or  the  yellow.  The  spec- 
trum is  thus  shortened  at  the  red  end.  Cases  of  so-called  violet- 
blindness,  as  reported  by  Bonders  and  Stilling,  arc  much  more  rare 
and  doubtfuL     In  total  color-bHndness  only  shades  of  gray  from 

*  See  von  Kries,  Archiv  f.  Anat.  u.  Physiol,  Physiolog.  Abth.,  1882  (Ap- 
pendix), p.  90. 

*  See  Fiok,  Znr  Theorie  d.  Farbenblindheit,  p.  218  t  ;  and  in  Hermann's 
Handb.  d.  Phjslol.,  in.,  i.,  p.  200  t 
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white  to  black  are  visible.  In  general,  the  attempts  to  make  out  a 
spectrum  for  the  color-blind  are  nnsatisfactoiy,  since  we  can  onlj 
\ye  sure  as  to  what  color-tones  appear  like  or  unlike  to  them;  we 
cannot,  on  the  contrary,  be  sure  that  their  abnormal  senaitions  are 
like  any  of  our  normal  sensations — in  other  words,  that  what  thej  see 
when  red  light  falls  on  the  retina  corresponds  to  any  of  our  color- 
tones.  Tlie  three  or  four  cases  reported  where  one  eje  of  a  person 
has  been  normal  and  the  other  color-blind  are,  of  course,  eie^ieciallj 
valuable  ;  since  they  offer  an  opportunity  to  compare  immediately 
the  sensations  of  the  normal  with  those  of  the  pathological  ey& 
These  coses,  according  to  von  Kries'  show  that  the  two  funda- 
mental colors  to  which  the  color-blind  are  reduced  mav  be  con* 
sidered  as  cither  red  and  blue-green  or  greenish-yellow  and  blue- 
violet. 

§  13.  Important  modifications  of  the  normal  action  of  the  eye  are 
also  caused  by  the  previous  condilion  of  the  retina^  or  by  the  contem- 
poraneous condition  of  parts  of  it  contiguous  to  those  on  which  the 
light  f iills.  The  former  fact  explains  the  phenomena  of  "  inertia  " 
and  *'  exhaustion  ; ''  the  latter,  the  phenomena  of  "  contrast**  The 
reaction  of  the  sense  of  sight  is  relatively  very  sluggish  ;  or — ^in 
other  words — the  inertia  of  the  eye  is  relatively  great  This  fact 
is  undoubtedly  due  to  the  chemical  nature  of  the  stimulus  which 
acts  directly  upon  its  end-organs.  The  light  requires  time  in  order 
to  cffc>ct  those  pboto-chemical  changes  on  whose  action  upon  the 
nervous  elements  of  the  retina  our  sensations  of  light  and  color 
depend.  On  the  other  hand,  if  we  dose  the  eyes  after  looking 
intently  upon  any  bright  object,  the  image  of  this  object  remaiDa 
for  some  time,  and  only  slowly  &kdes  out  of  sight  Such  an  image 
is  called  a  '' poaitii^.  after-image,"  because  its  bright  and  dark  lines 
and  Hurfaces  correspond  to  those  of  the  original  object  The  delay 
which  the  sensations  undergo,  both  in  forming  and  in  feiding  away, 
is  said  to  bo  due  to  the  inertia  of  the  retinal  structure.  It  i8»  of 
course,  a  law  of  all  ncn^ous  excitation  and  action  that  it  requires  a 
certain  amount  of  time  for  beginning  and  for  changing  its  char- 
acter. 

White  positive  after-images  (as  Fechner,  Helmholtz,  and  oth- 
ers liavo  shown)  pass  quickly  through  greenish-blue  to  indigo- 
blue  and  then  to  violet  or  rose-color.  But  ''  negaiifx  after-images  '* 
are  due  to  the  exhaustion  of  the  retina  If  the  eye  be  intently 
fixed  for  some  time  on  a  small  square  of  black  lying  upon  a  sheet 
of  white  paper,  and  then  suddenly  turned  upon  the  white  snxliMe, 
a  bright  square  appears,  moves  about  with  the  eye,  and  slowly 
>  Archiv  f.  Anat  u.  Phjsiol,  Phjrsiolog.  Abth.,  1882  (Appendix),  p.  15S1 
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bdes  awBj.    If  we  look  for  a  loDg  time  at  a  green  surface  and  then 
direct  the  eye  upon  a  white  one,  the  latter  appears  for  a  moment  to 
be  of  a  red  color.     In  general,  the  color  of  the  negative  after-image 
is  such  that,  when  combined  with  the  color  of  the  object,  the  two  will 
produce  white.    In  other  words,  the  color  of  such  an  image  is  "  com- 
plementary "  of  the  color  of  the  object     Such  facts  as  the  foregoing 
must  in  some  manner  be  brought  under  the  law  which  applies  to  all 
the  elements  of  the  nervous  system,  but  especially  to  the  end-organs 
and  the  central  organs  ;  these  organs  become  wearied  by  continuous 
use,  and  require  time  for  recovery  of  their  suspended  or  diminished 
functions.     Precisely  how  the  application  is  to  be  made  to  the  case 
of  the  retina  is,  however,  a  matter  of  the  general  physiological  the- 
ory of  vision  which  cannot  as  yet  be  stated  with  perfect  certainty. 
The  phenomena  of  exhaustion  are  among  the  most  important  for 
the  formation  of  such  a  theory.     Investigations  in  this  direction 
liave  led  to  the  discovery  that  none  even  of  the  spectral  colors  are 
3>erfectly  saturated,  since  each  of  them  can  be  made  to  appear  more 
ao  by  looking  at  it  with  an  eye  wearied  by  the  complementary 
<x>lor. '     Bed  is  most  nearly  saturated,  blue  and  yellow  next,  and 
^preen  least  of  alL 

§  14.  The  different  parts  of  the  retina  are  interdependent  in  the 
j>roduction  of  sensation  ;  or — to  employ  the  statement  of  Wundt  * 

**  The  sensation  which  arises  through  the  stimulation  of  any  given 

jKnnt  of  the  retina  is  also  a  function  of  the  state  of  other  immedi- 
m/telj  contiguous  pointa"    Hence  arise,  in  part  at  least,  the  phe- 
jiomena  of  conJtraM^  which  are  of  two  kinds — contrast  of  bright- 
and  contrast  of  color-tone.     The  fundamental  fact  in  the  first 
of  contrasts  is  this  :  every  bright  object  appears  brighter  with 
surroundings  darker  than  itself,  and  darker  with  surroundings 
1>righter  than  itself.     These  phenomena  are  explained  by  Helm- 
lK>ltz  *  as  deceptions  of  judgment,  such  as  we  ore  accustomed  to  in 
oar  estimates  of  distances.     To  this  explanation,  however,  Fick,* 
Sering,*  and  others  oppose  strong  and  apparently  conclusive  ob- 
jections.    They  would  explain  the  same  phenomena  by  the  modify- 
ing influence  of  the  excitation  of  one  part  of  the  retina  upon  the 
excitation  of  contiguous  parts.     Such  influence  does  not  always 

>  Comp.  Helmholtx,  Phjsiolog.  Optik,  p.  270  f.  ;  Exner,  in  Pfliiger*8  Archie, 
L,  p.  889;  and  see,  especially,  von  Kries,  Arohiv  f.  Auat.  a.  Physiol.,  Phy- 
dolog.  Abth.,  1882  (Appendix),  p.  115. 

*  Phjsiolog.  Psjchologie,  i,  p.  489. 

<  Physiolog.  Optik,  pp.  888  ff. 

«  In  Hermann's  Handb.  d.  Physiol,  in.,  i.,  p.  231  f. 

*8itsg8ber.  d.  Wiener  Aoad.,  June,  1872.  and  December,  1878. 
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take  the  form  of  depressing  the  excitability  of  the  oontigaoaSs^ 
parts ;  on  the  contrary,  stimulating  certain  elements  for  some 
may  finally  involve  contiguous  ones  in  a  secondary  way.     This 
they  consider  to  be  the  true  explanation  of  the  spreading  of 
bright  object  on  a  dark  background,  whose  after-image  becomes 
clear  band  of  light  around  the  dark  image  of  the  bright 
When  colored  instead  of  white  light  is  used  in  experimenting  nndei 
the  law  of  contrast,  phenomena  similar  to  those  of  complement 
colors  are  obtained. '    A  small  square  of  white  on  a  surface  of  green, 
when  covered  with  a  transparent  sheeFof  tissue-jiM^ery^appeurs 
red  on  a  surrounding  surface  of  a  whitish  hue  ;  on  a  red  ground  i: 
appears  as  green,  on  a  blue  ground  as  yellow,  and  vice  versitL    Thei 
is  the  same  dispute  over  these  as  over  the  other  phenomena 
contrast     Shall  they  be  considered  as  coses  of  deception  of  judj 
ment,  or  do  they  admit  of  a  physiological  explanation  ?    Me 
cases  of  deception  they  cannot  well  be.     The  theory  which  ascril 
to  each  part  of  the  retina  an  influence  upon  other  contiguous  par 
is  the  most  satisfactory  form  of  a  physiological  explanation.     B~ 
0uch  physiological  explanation  seems  to  need  supplementing 
reference  to  induced  conditions  of  the  central  organs,  concei 
the  nature  of  which  we  are  thus  far  almost  entirely  ignorant 

§  15.  It  will  readily  be  seen  that  a  theory  which  shall 
torily  account  for  the  complicated  phenomena  of  visiuU  senscUici:^^^  ^^ 
is  diflScult  to  estabUsh.     Physiological  optics  will  probably  nc 
be  able  to  explain  in  detail  the  individual  sensations  of  light 
color.    But  each  claimant  to  present  such  theory  must,  as  Wum 
maintains,  account  for  the  following  four  main  classes  of  facts  : 
The  subjective  relations  of  the  color-tones,  and  the  fact  that 
may  oil  be  graded  downward,  as  it  were,  into  colorless  hght ; 
the  law  of  the  mixing  of  all  the  colors  from  three  (or  more)  fun 
mental  color-tones ;  (3)  the  phenomena  of  after-images ;  and 
the  phenomena  of  contrast     Among  aU  the  hypotheses  hithei"^^^''^^ 
proposed  to  account  for  the  quality  of  visual  sensations,  that  brougt^^  "^ 
forward  by  Young,  and  elaborated  and  applied  by  Helmholtz,  is  fc.   ^ 
far  the  most  prominent     This  hypothesis  takes  its  point  of 
ing  from  the  undoubted  fact  that,  by  admixture  of  a  few  so-ca]]( 
fundamental  color-tones,  we  can  produce  all  the  other  colors, 
well  as  the  sensation  called  "white."    There  are  said  to  be  thrtf^ 
such  color-tones,  because  this  is  the  smallest  number  which  will 
accoimt  for  the  facts.     Of  these  three,  green  must  be  one,  since,  m 
the  spectrum  of  colors,  this  tone  has  no  complementary  color.  Ghreen 

1  See  Helmholtz,  Phjsiolog.  Optik,  pp.  888  ff. 
'  Physiolog.  Psyohologie,  i.,  p.  450. 
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ler  tvo  color-toneB  must  be  choeeti  from  ne&r  tho 
mm,  and  in  such  a  way  that,  ^rhen  combined  with 
.  they  will  produce  white.  Bed  (carmine-red.  ae- 
g  to  Fide)  And  either  Tiolet  (so  Young  HudHriliulioltz)  or  bine 
blue.  Pick)  bunt  fulfil  the  required  eonditiona.  It  is,  ihta, 
,  hy  tbe  Yonng-Helmholtz  Uieory.  thnt  in  every  portion 
I  rctiiui  whidi  is  susceptible  to  color  there  esiat  three  kinda 
■  elHueutii,  tlie  excitatioo  of  which  separately  wouhl  pro- 
e  thnw  distinct  kinds  of  aensationa :  and  that  each  kind  of  ele- 
mrat  i«  oftpable  of  producing  only  tfaat  kind  of  sensation  which  ia 
j»*niU«r  U>  itself.  It  nppnrently  foUows  that  each  of  those  three 
noun demcnto  has  itA  apc-ciol  form  of  end-apparatus,  tfaa 
ility  of  which  di&ra  from  that  of  tho  others  ;  that  ia  to  say. 
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vfibraa  of  ml  rolor-aeDBBtion,  wboae  end-apparataa  responds 

J  to  rays  of  ntinll  n-fmn|fibility ;  fibres  of  grcon  coloi*- 

i,  whiMe  eD(I-ap]iaratua  responds  to  rays  of  medium  rfr- 

ilily ;  %ai\  fibres  of  violet  or  blue  color-Mnmtiosa,  whose 

■  to  rayii  of  griint  nifranpibility,     '^m  mult 

B  W8  cnnnot  directly  analyze  into  tfieir  com- 

— s  tbii  wusHtioDB  which  ajiprar  in  conscioiiHUf^as,  that  no  one 

*W  tluvs  kimU  «(  tlrmi'nlM  in  orvlinarily  oxcifrd  alone.     Eva? 

of  cukir  in  (bon-fun.'  a  cutaplei  aflolr,  whose  (^r> 

1  by  the  r«latious  in  which  each  one  of  the  three 

if  wdtrtino  stands  to  both  the  othn&    In  ex|dai»tion 

s  the  foUowing  diagram  is  proposed.'     (See  Fig. 

I  liiww  R,  Q,  and  B  represent  the  three  kinds  of 


,         -Am  tmm  Rak*!   Flijdolo^  Opifk.  h>  llannuiui  llattdb.  <L  Pb;tlol.. 
I  "^  L.  p.  tM ;  eoH^  UalaihoIU,  n>7riola|.  UjKlk,  |>.  !91. 
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neryefl  sensitiye  to  the  three  fandamentid  colot^toiies — B  to  red,  Qto 
greeo,  B  to  blue  (indigo).  The  cmres  deaoribed  by  them  show  the 
strength  of  the  excitation  exercised  by  the  stimnliis,  corresponding  ^ 

to  the  colors  of  the  spectnim,  upon  each  kind  of  nervea  The  per- 
pendicular  lines  indicate  the  colors  of  the  spectrum  ;  and  the  way 
these  lines  cut  the  curves  shows  the  relatiire  strength  of  the  exdtar 
tion  of  each  kind  of  nerves  which  is  combined  to  produce  these 
colors. 

It  should  be  gratefully  acknowledged  that  the  Young-Helmholtz 
theory  affords  a  brilliant  explanation  of  a  great  many  of  the  phe* 
nomena  of  sensations  of  light  and  color.    It  is  most  successful  witls. 
those  that  relate  to  the  mixing  of  colors  and  to  complementaiy 
color.     The  hypothesis  cannot  be  said,  however,  to  be  wholly  ade — 
quate  and  satisfactory.     One  of  its  most  intelligent  advocates  (Fick.' 
admits  that  it  cannot  explain  the  following  cardinal  fact :  Evei 
ray  of  light  which,  so  long  as  it  is  confined  to  a  moderate  extent 
the  polar  zone,  makes  the  impression  of  a  saturated  color  .produi 
a  whitish  impression,  almost  devoid  of  color-tone,  as  soon  as  it 
limited  to  an  extremely  minute  portion  of  the  retina.     This  is  tl 
very  opposite  of  what  the  hypothesis  would  lead  us  to  expect ;  fi 
according  to  it,  extremely  minute  impressions  on  the  retina  ou{ 
to  isolate  the  particular  kind  of  fibres,  and  so  yield  the 
possible  color-tone.     The  facts  of  histology  seem  rather  adv& 
than  favorable  to  the  theory,  although  not  much  stress  can  be  L; 
upon  them  alone.     Moreover,  it  does  not  satisfactorily  explain 
facts  of  contrast  of  colors  and  of  color-blindness.     The  most 
cent  investigations  seem  to  indicate  that  cases  of  oolor-blindus 
cannot  be  accounted  for  by  dropping  out  one  fundamental  kin^ 
nerve-fibres,  as  the  Young-Helmholtz  theory  supposea*     Vari* 
other  important  objections  are  raised  by  its  opponents  (especJ  f»  ^J 
by  Hering,  Wundt,  and  others). 

§  16.  In  order  to  supply  the  alleged  defects  of  the  Young-] 
holtz  theory  of  color- sensations,  several  other  theories  have  l>^^ii 
devised — notably  those  of  Hering  and  of  Wundt     The  fonx«^^* 
differs  from  most  other  investigators  in  his  view  of  the  nature     oi 
the  changes  of  sensation  which  take  place  as  we,  in  experien^^ 
run  through  all  the  different  shades  of  gray  from  white  to  blac^A 
All  such  changes  Hering  considers  analogous  to  those  alterations' 
in  the  quality  of  our  sensations  that  would  be  produced  by  pasanfiT 

»  See  von  Kriea,  Archiv  f.  Anat.  u,  Physiol.,  Phyaiolog.  Abth.,  188S  (Ap- 
pendix), pp.  134-153. 

*  E.  Hering,  Zor  Lehre  vom  Liohteinne,  Sitagsber.  d.  Wiener  AcmL|  6ptper4 
1872-74. 
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the  eye  OTer  a  snrfaoe  on  wbich  the  different  ooloivtones  almost 
insensiblj  shaded  into  each  other.    Hering,  therefore,  proposes  six 
(or  three  pairs  instead  of  three  single  ones)  fundamental  color- 
tones — namely,  black  and  white,  green  and  red,  blue  and  yellow. 
The  ohanges  which  give  rise  to  sensations  of  black,  green,  and  blue 
are  ascribed  to  the  process  of  ''  construction  "  of  a  so-called  visual 
substance ;  those  which  give  rise  to  white,  red,  and  yellow  are  as- 
scribed  to  the  "destruction  "  of  such  visual  substance.    The  three 
pairs  of  color-tones  are  thus  made  antagonistic  rather  than  com- 
plementary.   But  the  hypothesis  of  Hering  appears  to  involve  more 
uncertain  assumptions,  and  to  explain  fewer  facts,  than  the  one  it 
would  displace.    Moreover,  the  assumption  that  white,  and  its  shades 
down  to  black,  may  be  considered  as  color-tones,  instead  of  altera- 
tions in  the  brightness  of  the  true  color-tones,  is  generally  denied. 
The  theory  of  Wundt '  emphasizes  the  difiference  in  processes 
rather  than  in  the  kinds  of  retinal  elements.     It  involves  the  fol- 
lowing principles :  (1)  In  every  excitation  of  the  retina  two  dif- 
ferent processes  are  set  up,  the  variations  of  which  follow  differ- 
ent laws  ;  one  of  these  is  a  ''  chromatic  "  process  (which  gives  us 
color-tones),  and  is  a  function  of  the  length  of  the  waves  of  light ; 
the  other  is  ''  achromatic,"  and  is  also  dependent  upon  the  wave- 
lengths^ but  varies  only  in  intensity  and  remains  in  character  the 
same.     (2)  The  achromatic  excitation  consists  in  a  "  uniform  pho- 
to-chemical process,"  which  reaches  its  maximum  at  yellow  and 
falls  off  toward  both  ends  of  the   spectrum.     (3)  The  chromatic 
excitation  is  a  ^'polyform  photo-chemical  process,"  which  changes 
continuously  with  the  wave-lengths  of  light     The  extreme  differ- 
ences of  this  length  are  such  as  to  produce  effects  that  approximate 
each  other ;  while  the  effects  of  certain  different  interveniDg  wave- 
lengths are  related  in  such  a  way  that  opposed  phases  of  one  and 
the  same  movement  equalize  each  other  perfectly.     (4)  Every  pro- 
cess of  excitation  of  the  retina  outiasts  the  stimulation  for  a  certain 
time,  and  exhausts  the  sensibility  of  the  nerve-substance  for  that 
particular  form  of  stimulation.     The  positive  after-images  are  to  be 
explained  by  the  persistence  of  the  retinal  excitation,  the  negative 
by  exhaustion.    (5)  The  difficult  phenomena  of  contrast  are  to  be 
Bxplained  by  the  general  principle  that  all  impressions  of  light  and 
Dolor  are  experienced  in  relation  to  each  other.     In  other  words, 
they  fall  under  the  general  law  of  relativity. 
§  17.  Yon  Kries'  has  subjected  all  the  principal  theories  of  color- 

'  See  Physiolog.  PBjchologie,  i.,  pp.  450  ff. 

*  See  Archiv  f.  Anat  a.  PhjaSoL,  Phjsiolog.  Abth.,  1882,  Appendix,  pp, 
-178. 
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sensationB  to  a  most  searching  criticism  as  considered  in  the  light 
of  an  the  facts.  He  naturaUy  finds  serious  defects  in  them  all,  but 
arrives  at  the  following  highly  important  conclusion&  The  photo- 
chemical facts  concerned  in  vision  compel  us  to  adopt  a  theory  of 
component  elements  rather  than  one  of  changes  qualitatively  aliko 
and  arranged  in  a  continuous  series.  This  would  seem  decisive 
against  the  theory  of  Wundt  Only  by  the  aid  of  assuming  the 
varied  combination  of  such  elements  can  we  explain  the  phenomena 


Fio.  98.~Color-Tilan^e,  from  Fiok.    (For  explanation  we  text) 

of  exhaustion.  Three  series  of  components  are  apparently  requisite:  ^ 
one  for  the  bright  and  dark,  but  colorless,  sensations,  and  two  '' 
color-tone  series — a  red-green  series,  and  a  yellow-blue  seriea  - 
White  is,  nevertheless,  not  to  be  considered  as  belonging  to  Uiii*^ 
three,  since  it  corresponds  to  all  the  color-tones  whenever  they*** 
reach  a  minimum  of  saturation.  The  processes  corresponding  tc^^ 
these  three  series  of  components  may  be  located  at  different  plaoe^^ 
in  the  nervous  apparatus  of  vision— either  more  oentxally  or 


8YHB0LI8M  OF  OOLOB-TONES. 


343 


peripherally.  The  articulation  and  adjustment,  as  it  were,  of  the 
three  processes  von  Kries  would  assign  to  the  central  organs.  And 
here  we  reach  the  extreme  limits,  not  only  of  our  assured  knowl- 
edge, but  also  of  our  power  to  frame  a  plausible  theory  ;  for  it  ap« 
pears  that  all  theories  must  either  leave  certain  important  facts  un- 
explained, or  else  make  further  assumptions  concerning  nervous 
processes — especiaUy  in  the  central  organs  of  vision — of  the  exist- 
ence and  influence  of  which  upon  the  sensations  there  can  be  no 
doubt,  but  of  the  precise  nature  of  which  we  are  completely  ig- 
norant. 

§  18.  Much  ingenuity  and  painstaking  have  been  expended  in  de- 
vising some  form  of  symbolism  which  should  represent  to  the  eye  in 
geometrical  relations  the  laws  of  the  sensations  of  light  and  color. 
Obviously  the  sensations  of  this  sense  cannot,  like  those  of  hearing, 
be  symbolized  by  the  relations  of  points  along  a  straight  line. 
Color-tones,  unlike  musical  tones,  form  a  series  of  qualitatively  differ- 
ent sensations  that,  at  certain  places  in  the  scale,  separate  from  each 
other  vrith  varying  degrees  of  rapidity,  and  then  toward  the  broken 
ends,  as  it  were,  of  this  scale,  tend  to  approach  each  other  again. 
Such  relations  are  most  successfully  set  forth  by  a  triangle,  which 
may  be  constructed  as  in  the  foregoing  figure '  (93).  In  this  triangle 
the  different  color-tones  may  be  regaled  as  lying  together  along 
the  curved  line,  from  red  to  violet,  and  the  difference  in  any  two 
color-tones  as  measured  by  the  angle  which  two  lines  make  when 
drawn  from  the  point  W  through  the 
points  occupied  on  the  curve  by  the 
two  color-tones.  For  example,  the 
difference  betw^n  red  and  violet  is 
less  than  that  between  red  and  green, 
as  is  indicated  by  the  fact  that  the 
angle  R  WHia  smaller  than  the  'an- 

"By  Fig.  94*  the  relations  of  the 
color-tones  as  contrasting  with,  and 
complementary  of,  each  other  are  rep- 
resented.       Of    the    two    concentric  Fio.  04.— scheme  for  Bhowing  the  Bel«. 

circles,  each  color  in  one  corresponds         *^"  **'  coior-tone  (aa.  text). 
to  the  complementaiy  color  of  the  other.     If  the  color  inducing 
the  contrast  is  represented  by  a  segment  of  the  inner  circle,  the 
ooiniddent  segments  of  the  two  circles  represent  the  direction  in 
the  induced  change  is  moving,  as  it  were.    For  example. 


1  nken  from  Flek,  in  Hemwin't  Handb.  d.  Phyriol.,  HI.,  L,  p.  184. 
*  Taken  from  Wvndti  Phjilokgi  Ffeyoholosie,  i,  p.  4481 
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since  the  segment  green  coincides  with  purple,  and  red  onhmMes 
with  blue-green,  green  on  a  red  ground  is  modified  as  it  would  be 
if  blue-green  were  mixed  with  it ;  and  red,  as  it  would  be  if  purple 
were  mixed  with  it. 

§  19.  At  least  two  specifically  di&rent  forms  of  sensation — namely, 
Pressure  and  Temperature — have  generally  been  admitted  to  have 
their  organ  in  the  skin.  *  The  claims  of  various  other  kindred  forms 
of  feeling  to  be  considered  as  primitive  factors  of  our  sense-percep- 
tions, arising  from  the  activity  of  the  skin  as  an  end-organ  of  senses 
are  more  doubtful  Sensations  of  motion,  of  innervation  and  weaiv 
ness  of  the  muscles,  the  so-called  ''  common  sensations  "  (or  sensa- 
tions of  the  sensus  communis),  the  sensations  of  pain  or  pleasure,  and 
those  delicate  shadings  of  sensation,  as  it  were,  which  constitute 
the  **  local  coloring  "  of  all  the  feelings  to  which  we  assign  a  definite 
place  in  the  fields  of  sight  and  touch,  are  all  closely  allied  to  senssr 
tions  of  pressure  and  temperature.  But  some  of  these  forms  of 
feeling — as,  for  example,  the  so-called  sensations  of  motion  and  of  the 
sensus  comviunis—aie  undoubtedly  complex  modifications  of  certain 
simpler  states  of  consciousness  ;  others  of  them,  as  the  sensations, 
of  muscular  weariness,  of  pain,  of  innervation,  and  '*  local  coloring,** 
may  possibly  have,  in  part,  a  central  origin.  As  a  rule,  they  lack 
the  characteristic  quality  of  being  components  of  the  *'  presenta- 
tions of  sense,"  as  this  quality  belongs  to  all  genuine  sensations. 
Sensations  of  "  local  coloring  "  have,  indeed,  a  most  important  part 
to  take  in  the  formation  of  the  ''  presentations  of  sense  ; "  but  they 
are,  in  the  realm  of  touch  and  of  muscular  feeling,  as  infinitely  and 
delicately  varied  (and  even  more  difficult  of  description)  as  are  the 
finest  shadings  of  musical  tones  or  color-tonea 

§  20.  A  sixth  sense,  however,  and  a  sixth  organ  of  sensations 
must  doubtless  be  recognized  as  constituted  by  the  muscles  and 
the  various  kinds  of  feeling  which  their  action  occasions.  These 
muscular  sensations,  when  combined  with  those  of  the  skin,  grre 
certain  complex  feelings  of  motion  on  which  the  adjustment  of  the 
body  to  its  environment  is  so  dependent.  The  long-continued  dis- 
pute concerning  the  presence  of  sensory  nerve-fibrils  in  the  muscles 
may  be  said  to  be  settled  affirmatively.''  Certain  subjective  phe- 
nomena cannot  be  accounted  for  by  ascribing  the  so-called  muscular 
sensations  to  feelings  of  central  innervation,  or  by  identifying  them. 

1  On  the  physiology  of  the  skin,  see  Goldscheider,  art  Neue  Thatsacheia 
ijiber  die  Hautsinnesnerven,  Archiv  f.  Anat.  a.  Physiol.,  Physiolog.  Ahth.^ 
Supplement-Band,  pp.  1-104. 

'  See,  especially,  Sachs,  in  Archiv  f.  Anat  u.  Physiol.,  1874,  pp.  175 1,  491 
f.,  and  645  f. 
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■  ofpivmnre  tlirough  thenkin.'  Bernhardt 'foiiml 
if  R6nuti*eneBa  to  different  weijjhin.  whew  lifted  by 
JfngcT,  was  littJe  or  nnt  r>t  nJJ  diminished  by  ciclud- 
I  fancmitioii  ot  the  musclm  through  an  net  of  wilL 
IWdberiiniiutioii  of  difTurencee  of  weight  was  not  greatly'  impaired 
ntbe  limb  was  bent  by  an  induct  ion-ehock  sent  through  the 
■  iiHtcu)  of  by  motor  impulsea  arising  in  tlie  brain.  The 
solar  ■eDMlionB  cuinot,  therefore,  be  due  to  such  central  uctiv- 
I  ftlao  shows  that  the  muscular  sensations  sup- 
■  of  preaaiire  in  the  skiu  in  all  our  estiranteH  of  the 
1  sail  tDoiiou  of  the  limbs ;  tbesp  two  ore,  therefore,  not 
■danbraL  MoivoTer,  witliout  asKuming  the  cxist«nce  and  aid  of 
i^t  •ecuatioEu  wd  cannot  account  for  that  nice  control  of  the  mns- 
«Ih  wfaicb.  cKpOTtally  in  tht>  caso  of  the  e^'e,  is  so  indispensable  r 
t».  not  only  for  adjuatiii);  tlieJr  action  to  Uio  endu  desired, 
D  for  gaining  on  exact  knowledge  of  the  position  and  motioti 
crff>l)j»etii  in  the  oat«ide  world.  The  pn>cisa  inonnor,  liuwt^vi^r,  in 
^riueb  tba  muscular  Hensations  originate,  tliroui'h  that  stiiutilalion 
«C  tba  mtuary  nvnea  wliicii  the  contraction  of  the  miisoulnr  fibre 
«enikuu.  ■■  m  yet  unknown.  Nor  can  they  easily  lie  Sbpnratedi 
«m1  dMsfiad  into  lands,  apart  from  the  sensations  of  pressure  with 
"wUeh  tbttj  uv  in  witual  (!xi)(<nifn(!e  ronxtantly  allied.  Their  chief 
D  ptT«holo(;y  c«>DtreB  in  tlie  help  wliich  they  furnish  to  th« 
{  ita  "  prvsentntionn  of  Bonse." 

IDS  of  PrvNKun'  art'  dependent  npon  tlio  excitation 
B  of  the  skin  tlirough  their  appropriate  end* 
n  nxritation  of  the  trunk  of  any  of  thrso  ntrvcs  at  some 
a  course  may  produce  the  feeling  of  paiiv,  but  does  not 
D  dcGuite  aensationa  of  pressure  which  we  are  able  to 
o  mBeui*l«lj  and  diacrirninnto  so  nicely  iia  to  their  <l<:gTMh 
ftieiMly  whicfa  of  the»«  cnd-on^aus  are  speeifically  related  to  son- 
Mboaa  of  ptiasura  neither  histology  nor  ei])erimcntal  physiolojcy 
hM  tfaoB  tu  bMm  obtA  to  dotf^rmiuo  (wio  tWt  ].,  chap.  V.,  g  10). 
1W  ordiaBrr  aUmnlua  of  the  eu<l-<>rgaus  of  the  akiu  nctire  ju  thcM 
I  in  their  compression  or  expansion  by  contact 
I  g^tomal  Db}«rt  which  fithrr  resta  upon  lli«ni  or  upoa 
jriMt,  ar  which  is  moved  over  or  against  them,  or  oreror 
b  Um;  u«  moveil.  Surh  etininlus  may,  of  cmme,  rory 
I  and  in  <legr«e.  The  i|uantity  and  sucRCNai<in  of  tfais 
!,  as  well  OS  the  manner  in  which  they  ecm- 
r  ODi]  with  Bonations  of  the  miucuUr  ■nan, 
k  rnkm.  la  lUnDUn*  Uuull).  d.  PhyitoL,  Ol.,  IL,  p.  8WL 
Uv  L  ri7«bl*in>,  lU.,  |i.  (m. 
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have  a  mailed  effect  in  determining  their  characteristie  ^'toDe** 
of  feeling.    In  respect  to  quality  pure  and  simple,  aensationB  of 
pressure  scarcely  admit  of  a  scientific  classification.     We  localize 
them  in  the  field  of  touch  ;  we  make  an  important  use  of  them  in 
connection  with  sensations  of  muscular  origin,  for  constructing  the 
field  of  vision  and  for  giving  to  different  objects  their  respectiTe 
places  in  this  field  ;  but  in  ordinary  experience  we  do  not  directly 
recognize  kinds  of  the  simple  sensations  of  pressure  as  we  do  of 
tastes,  smells,  tones,  and  colors.    A  distinction  is  sometimes  made 
between  "  light  touch,"  or  touch  proper,  and  sensations  of  pre8»- 
ure  or  weight.    But  the  distinction,  so  far  as  it  leaves  out  of  ac- 
count the  muscular  sensations,  has  hitherto  been  one  only  of  de* 
gree  and  not  of  kind. 

The  more  recent  and  thorough  investigations  of  Gk)ldacheider' 
have  led  him  to  distinguish  two  specifically  different  sensations 
which  enter  into  what  is  ordinarily  called  the  feeling  of  pressure. 
This  distinction  is  based  upon  fiicts  experimentally  ascertained.  If 
a  very  fine  point  of  metal,  wood,  or  cork,  be  touched  lightly  to  the 
skin,  it  will  be  found  to  awaken  a  definite  sensation,  such  as  is  en- 
titled to  be  called  a*' sensation  of  pressure,"  only  at  certain  minute 
spots  in  any  given  area  of  the  skin.  This  sensation,  when  the 
pressure  is  very  light,  is  described  as  lively  and  delicate,  often 
accompanied  by  the  feeling  of  being  tickled.  On  increasing  the 
pressure  upon  these  same  spots  the  sensations  change  their  char- 
acter somewhat,  and  become  as  though  some  small,  hard  kernel 
were  pressed  upon  the  skin  (**  Komiges  Gefnhl ").  Between  these 
distinctively  '* pressure-spots"  it  is  not  possible  to  excite  by  press- 
ure the  same  characteristic  sensation.  Stimulation  of  the  inter- 
mediate spots,  on  the  contrary,  produces  a  dull,  indefinable,  **  con- 
tent-less "  sensation  ;  and  when  the  pressure  is  increased,  a  sense 
of  being  pricked  or  stuck.  Both  of  these  kinds  of  sensation,  when 
the  pressure  is  still  further  increased,  pass  over  into  painful  feeling ; 
but  the  character  of  the  pain  in  the  two  is  different. 

The  arrangement  of  the  '^  pressure-spots  "  is  analogous  to  that  of 
the  temperature-spots  (to  be  described  subsequently).  They  occur 
much  more  frequently  in  certain  areas  of  the  body  than  in  others. 
They  are  placed  in  chains,  as  it  were,  sometimes  more  and  some- 
times less  thickly  set  These  chains  ordinarily  radiate  from  a  kind 
of  central  point,  and  run  in  such  directions  as  to  form  either  circu-^ 
lar,  longitudinal,  or  pyramidal  figures.  Their  direction  is  seldon^ 
identical  with  that  of  the  temperature-spots.     In  the  opinion  of 

*  Archiv  f.  Anat,  u,  Physiol.,  1885,  Physiolog.  Abth.,  Sapplemexit-Baad,pp. 
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OoldBcheider  the  spots  of  both  binda  correspond  to  the  terminal 
points  ol  the  nerro-fibrea  of  two  specilically  different  kinds  of  nerves 
distributed  over  tbo  skin.  Bat  wheress  all  the  area  of  the  sldn  is 
well  coTered  with  soch  Derres  as  gire  us  the  general  dull  and  in- 
definite feeling  of  contact,  the  nerres  of  the  senBation  of  pi-eseure 
aie  much  more  oneTenly  distributed.  It  need  scarcely  be  sold 
that;  other  things  being  equal,  the;  are  most  numerous  in  the  areas 
of  the  akin  moat  sensitiTe  to  toncb.  The  different  pressure-spots 
tliGiiiselTea  difier  in  sensitiTeDesB ;  some  are  mnch  more  easily  ex- 
cited than  otiiet&     The  sensationfl  themselTes  come  under  the 


^ 


nti.;;™" 


{[eneral  laws  of  exhaustion,  pmctice,  etc.,  as  these  lawa  apply  to 

the  whole  mechanism  of  sense. 
The  attempt  has  been  made,  on  the  other  hand,  to  identify,  in 

kind,  sensations  of  pressure  (especiaUy  those  of  li^ht  touch)  and 

Benaations  of  temperature.'  E.  H.  Weber  observed  that  cold  bodies 
rissting  on  the  alcin  appear  heavier,  and  worm  lighter,  than  they 
really  are.  A  single  silver  dollar  of  the  temperature  of  2o''-19.5° 
Fabr-  appeared  to  be  of  the  same  weight  as  two  dollars  of  the  tem- 
perature of  98. 5 "-100, 5°  Fahr.  AVunderli  also  argues  tlie  identity 
of  these  two  classes  of  sensations  on  the  ground  that,  if  certain  parts 
of  the  skin  are  lightly  touched  with  cotton  or  slightly  warmed  by 
approaching  a  heated  surface  to  them,  through  a  square  opening  iu 

■  For  ft  dluoMloD  of  tlUi  qoMtton,  we  Fanfce,  in  Hermann's  Haadb.  d. 

FhTiioL,  ni.,ii.,p.sao& 


848  8EN8ATION8  OF  THE  8KIK. 

a  piece  of  paper  laid  npon  the  ddn,  the  two  sensatioiui  thus  ooca- 
Bioned  are  frequently  mistaken  for  each  other.  Bat  Szabadfoldi 
has  much  weakened  the  force  of  Weber's  experiment  by  showing 
that  small  wooden  disks  when  heated  to  122^  Fahr.  often  feel 
heavier  than  those  which  are  really  larger  bnt  are  not  thus  warmed. 
And  Wunderli  8  observation  at  best  holds  good  only  for  company 
tively  obtuse  parta  of  the  skin,  especially  the  back.  Moreover, 
the  same  stimuli  should  serve  to  excite  both  the 
and  the  temperature-spots,  this  would  not  prove  the  identity  of 
two  sensations. 

Finally,  the  physiology  of  the  sense  of  temperature  re-enfo: 


the  indubitable  testimony  of  consciousness,  and  leads  us  to  the  con- 
clusion that  from  beginning  to  end — in  the  character  of  their  stimuli.K_^ 
of  their  nervous  processes,  and  of  the  resulting  modifications 
feeling — the  sensations  of  pressure  and  the  sensations  of 
ture  are  qualitatively  distinct     They  have  in   common   only  th^     w^ 
organ  in  which  their  apparatus  is  located,  and  the  fact  that  boL=^M) 
kinds  of  sensations  are  constantly  associated  most  intimately  i^Er  in 
time  and  spaca 

§  22.  Sensations  of  Temperature,  therefore,  form  a  second 
tinct  species  which  have  their  origin  in  the  excitation  of  the 


end-apparatus  of  the  skin.     Whether  their  end-apparatus  is  local^Dy 
the  same  as  that  upon  the  excitation  of  which  the  sensations        <i 
pressure  ore  dependent,  it  has  seemed  until  very  lately  impossibispJb 
to  say.  But  recent  investigations  (especially  of  Blix,^  Goldscheid^^' 
and  Donaldson')  point  unequivocally  to  the  conclusion  that  cert^Lib 
definite  spots  of  the  skin,  and  these  oniy,  are  susceptible  to  irrit* 
tions  of  a  kind  to  result  in  sensations  of  temperature.     Such  Bpois 
are  insensible  to  pain  (even  the  pain  of  temperature),  and  a  needle 
can  be  run  into  them  without  being  felt ;  they  are  probably  also  id* 
sensible  to  pressure.    What  is  more  remarkable  still,  the  existence 
of  **  heat-spots  "  and  "  cold-spots  "—or  minute  localities  of  the  ddn 
sensitive  to  beat  but  not  to  cold,  and  conversely — seems  demon- 
strable.    By  using  a  machine  which  locates  the  stimulus  miero- 
metrically,  the  topography  of  the  skin  may  be  mapped  out^  and 
extremely  minute  spots  indicated  which  respond  to  irritation  vrifh 
sensations  of  pain,  of  pressure,  of  cold,  and  of  heat — respectively. 
These  different  kinds  of  sensation-spots  appear  never  to  be  slIpe^ 

'  Zeitschrift  t  Biol.,  1884,  XX.,  pp.  141  ff. 

<  Monatshefte  f.  prakt  DermatoL,  1884,  m.,  Noe.  7,  9, 10 ;  1885,  lY.,  Nal; 
and  art.  in  Archiv  f.  Anal.  a.  Phjsiol.,  1885,  Phjsiolog.  Abth.,  Bupplemeiil- 
Band. 

*  Research  on  the  Temperatore-tenBe,  reprinted  from  Hlndf  Na 
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impoeecL  'Bmbj  an  nol  lonted  alike  oa  Hk  wpamtibnal  parta  of 
the  same  indiTidoal,  or  oa  the  uanyiiiliiife  parta  of  diflerent  in* 
diyiduala  An  acconita  inti|aBg  out  of  the  dUfafnit  areaa  of  the 
skill,  with  respect  to  Hbar  tempeaium^&pofbk,  u  difBcolt ;  since  ex* 
periment  soon  Unnts  the  aeoae,  and  even  the  ifproach  of  a  heated 
or  cooled  point  raiseaor  lovcts  the  tenpenlnre  orer  a  considerable 
Bat^  in  general,  such  ipots  occur  in  lines  that  radiate  horn 
Bs  generattj  coincidpnt  with  the  roota  of  the  hairs,  in  those 


Fm.  98.— , 


tlMpttlm 


regions  of  the  skin  where  soch  appendages  are  found.  These  lines 
often  ran  so  as  to  cross  each  other,  forming  figures  of  various  shapes, 
— ^triangles  with  rounded  comers,  etc.  Heat-spots  are,  on  the 
whole,  less  abundant  than  cold-spots  ;  but  in  parts  of  the  body  where 
the  skin  is  most  senaitiTe  to  either  heat  or  cold  the  corresponding 
class  of  spots  is  relatively  frequent  Temperature-spots  nrny  bo 
divided  into  first-class  and  second-class  (so  Goldscheider)  according 
to  the  strength  with  which  they  react  on  moderate  Btiniulaiioii. 
Some  spots  are  roused  only  by  excessive  temperatures.  Tlio  wiino 
object  feels  cool  to  one  spot,  ice-cold  to  another. 

The  electrical  current  when  applied  to  these  spots  iH  thought  to 
call  out  the  corresponding  specific  sensationa  (luhlHchi'idiT  cnn- 
aiders  that  he  has  succeeded  in  exciting  definite  tcnipciraturi^-HnnHfi- 
tions  by  applying  electricity  to  the  trunks  of  the  nervos  diHtribiit^wl 
to  certain  areas  of  the  skin.  This  would  appear  to  be  fihrioHt  n 
demonstration  that  the  nerves  of  this  sense  are  spoc.ifW;,  and  of 
two  kinds — nerves  of  heat-sensation  and  nerves  of  cohUm^tmni'ufu 
Puncturing  a  temperature-spot  also  gives  rise  to  temiNtrntiin*  m  u 
sation&  The  discriminative  sensibility  of  the  tefnpf)mtiir#'-M|i</fii 
is  found  to  be  much  finer  than  that  of  the  im^tilo  Mumt^Unm. 
Everything  which  produces  a  change  in  the  t4jniiiijratiirM  nt  th« 
skin  acts,  of  course,  as  a  stimulus  for  the  sensations  of  hiud  $ttt*l 
cold. 

§23.  The  above-mentioned  discoveries  as  t^>  Um  «|;#'#  ifi/-  ttiMvy 
of  the  nerves  and  end-apparatus  of  the  skin,  iDtereiiUri«  «s  iUf  nth. 
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hare  not  jet  been  completely  brought  into  rational  connection  with 
our  experience  of   temperature-sensations  and  our  knowledge  of 
the  general  laws  of  nervous  action.    It  is  obyiouB,  however,  that 
the  principles  of  contrast,  of  relativity,   and  of  exhaustion,  must 
bear  a  large  part  in  the  explanation  of  all  these  sensations.     Sen- 
sations of  temperature  have  apparently  a  certain  dependence  on 
the  temperature  of  the  thermic  apparatus  itself.     This  law  has  been, 
elaborated  and  defended  in  detail  by  Bering, '  in  the  follow 
form :     "  As  often  as  the  thermic  apparatus  at  any  spot  in  tl 
skin  has  a  temperature  which  lies  above  its  own  zero-point 
have  a  sensation  of  heat ;  in  the  contrary  case,  a  sensation  of  col 
Either  sensation  is  so  much  the  more  marked,  or  stronger,  th^^  .e 
more  the  temperature  of  the  thermic  apparatus  at  the  time  Tari( 
from  the  temperature  of  its  own  zero-point"    By  the  "  zero-point "" 
of  any  part  of  the  skin  is  meant  the  exact  objective  temperal 
which  at  tliat  part  will  produce  no  sensation  of  either  heat  or  ook 
Such  zero-point  is,  of  course,  different  for  different  parts  of 
body,  according  as  they  are  or  ore  not  exposed,  and  are  or  are  n( 
well  supplied  with  arterial  blood,  etc.     It  also  changes  in  connectik 


with  changes  in  the  temperature  of  the  surrounding  air  or  of 
bodies  with  which  the  skin  is  in  contact     By  this  principle  a 
number  of  our  ordinary  sensations  of  temperature  are  explain^^!^ 
by  Henug.     The  finger  and  the  noie  are  colder  than  the  insi^^e 
of  the  mouth,  because  they  are  exposed  to  radiation  of  their  heott 
On  passing  from  a  room  of  a  given  temperature  into  one  of  eitlser 
higher  or  lower  temperature  we  experience  at  first  certain  sens*- 
tions  of  temperature  while  the  zero-point  of  the  thermic  apparatitf 
is  becoming  adjusted  to  its  new  surroundings.     After  such  adjiu^ 
ment  has  taken  place  these  sensations  may  cease — to  be  renewed 
in  the  reverse  direction,  however,  on  a  retiun  to  the  former  war- 
roundings.     This  adjustment  has  its  limits  ;  it  is  dependent  chielj 
upon  the  evaporation  of  the  skin  and  upon  the  circulation  of  fiie 
blood. 

If  the  surroundings  are  more  than  so  hot  or  so  cold,  they  may 
excite  constant  sensations  of  temperature.  Among  the  induce- 
ments to  sensations  of  heat  at  any  locality  of  the  skin,  Hering  m«s- 
tions  the  following  as  prominent  in  our  ordinary  experience :  All 
checking  of  the  radiation  of  heat,  while  the  blood-supply  remains 
imaltered  ;  all  contact  with  a  medium  or  object  of  higher  tem- 
perature— and  this  according  to  the  ease  vrith  which  such  tnedinm 
or  object  parts  with  its  heat ;  and  all  increase  of  heat  in  tiie  ddn 

1  In  Hennann*8Handb.  d.  Phjrsiol.,  UL,  il,  p.  419  1;  and  Sitigriwr. 
ner  Acad.,  LXXV.,  Abth.  3,  p.  101  f. 
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coming  from  the  interior  of  the  body,  as  in  the  sodden  hjpersemia 
(fhicb  takes  place  in  blushing.  Inducements  to  sensations  of  cold 
ure  as  follows :  Increased  convection  of  the  heat  of  the  skin  by  the 
surrounding  medium,  while  the  blood-supply  remains  unchanged 
[as  when  the  wind  blows  over  the  hand  or  face,  especially  if  the 
skin  be  moist) ;  contact  with  objects  which  have  the  same  (or  even 
dightly  higher)  objective  temperature  as  the  surrounding  air,  but 
convey  the  heat  from  the  skin  more  rapidly  than  it ;  contact  with 
>r  proximity  to  objects  colder  than  the  skin ;  lessening  of  the 
interior  warmth  of  the  body — for  example,  by  contraction  of  the 
blood-vessels  which  supply  a  given  portion  of  the  skin.  Ordinary 
experience  makes  us  familiar  with  many  of  the  phenomena  which 
x>me  under  all  these  cases. 

The  determination  of  the  exact  zero-potVi/  of  different  parts  of  the 
body  is  a  matter  of  great  difficulty.  The  rise  and  fall  of  the  tem- 
perature of  the  thermic  apparatus,  in  connection  with  that  principle 
>f  exhaustion  which  applies  to  all  the  nervous  mechanism,  and  es- 
pecially to  certain  of  the  end-organs  of  sense,  doubtless  account 
at  least  partially)  in  some  way  for  the  well-known  phenomena  of 
x>ntrast  in  temperature-sensations.  Weber  showed  that  if  the 
land  be  held  for  a  minute  in  water  of  the  temperature  54.5^ 
B*ahr.,  and  then  in  water  of  64.4^  Fahr.,  a  sensation  of  heat  will  be 
:elt  for  a  few  seconds,  although  the  latter  would  have  felt  cold  to 
lie  hand  if  placed  in  it  at  first  Moreover,  if  we  hold  one  hand  in 
noderately  cold  water,  and  dip  the  other  repeatedly  in  the  same 
vater,  the  sensation  of  cold  is  stronger  in  the  latter,  although  the 
emperature  of  the  hand  held  in  the  water  is  really  lower.  But, 
kccording  to  an  experiment  of  Gk)ldscheider's,  if  one  hand  be  left 
or  ten  seconds  in  water  of  the  temperature  of  104°  Fahr.,  and  then 
x>th  hands  immersed  in  cold  water,  the  warmed  hand  will  feel  the 
iold  less  distinctly  than  the  other.  This  latter  investigator,  how- 
ever, is  inclined  to  dissent  from  Hering's  theory,  and  return  to  the 
;heory  of  R  H.  Weber.  Weber  held  that  the  rising  of  the  tem- 
perature of  the  skin  is  felt  as  heat,  and  its  sinking  as  cold. 

After-images  of  temperature-sensations  seem  also  to  exist.  But 
vhen  a  surface  of  the  skin  has  been  warmed  or  cooled,  and  the 
ifter-image  has  faded  quite  away,  it  is  said  that  it  can  be  called 
ysLck  by  light  mechanical  irritation  ;  this  is  especially  true  of  sen- 
tations  of  cold.  The  phenomena  of  exhaustion  are  noticed  in  sen- 
ations  of  temperature.  Our  perception  of  the  absolute  degree  of 
emperature,  and  of  minute  variations  in  its  degree,  is  most  acute 
yr  places  in  the  scale  lying  close  to  the  normal  temperature  of  the 
kin.    It  would  seem,  on  the  whole,  as  though  the  phenomena 
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contrast  of  Bensations  of  temperature,  as  well  as  of  color,  require 
;  their  satisfactory  explanation  a  knowledge  (poaaiblj  of  the 
tion  of  the  central  organs  of  the  nervous  qrstem)  which  we  do 
ot  yet  possesa 

K  H.  Weber  also  showed  that  the  amount  of  the  skin  which  is 
stimulated  has  a  marked  influence  on  the  quality  of  the  resulting 
sensation.  The  temperature  of  the  same  fluid  does  not  feel  pre- 
cisely the  same  to  a  single  finger  and  to  the  entire  hand,  lliis 
experience  is  similar  to  that  which  has  already  been  described  in 
the  case  of  sensations  of  color.  It  appears  explicable  in  the  case 
of  the  skin  from  what  is  now  known  about  the  existence  of  a  oer* 
tain  variable  number  of  heat-spots  and  cold-spota  In  the  same 
way,  in  part,  may  we  explain  the  fact  that  smooth  objects^  which 
therefore  come  into  contact  with  a  larger  portion  of  the  akin — ^like 
leather,  paper,  wood,  glass,  and  porcelain — appear  colder  to  the 
whole  hand  even  when  they  have  the  same  objective  temperature 
with  it 

§  24.  Nothing  whatever  is  known  as  to  the  exact  manner  in  which 
changes  of  temperature  act  upon  the  thermic  apparatna  to  excite 
it ;  the  recent  discoveries  appear  to  make  such  action  all  the  moie 
difficult  of  conception  and  description.     Since  the  terms  ^hot* 
and  "  cold  "  are  in  physics  only  relative,  it  is  hard  to  see  why  ab- 
solutely different  apparatus,  with  a  distinct  local  position,  should 
be  used  (as  Goldscbeider's  discoveries  indicate)  for  the  senaatknis 
corresponding  to  each.     Moreover,  on  Bering's  hypothesia^  how 
are  we  to  account  for  the  fact  that  heat-spots  and  cold-spots  are  in 
turn  stimulated  by  the  same  objective  temperature  according  to 
the  rise  and  fall  of  the  zero-point  of  the  entire  region  of  the  akin ! 
Possibly  it  may  be  found  that  certain  chemical  or  electrical 
dependent  upon  the  increase  or  decrease  of  that  mode  of 
motion  which  physics  calls  **  heat,"  are  the  proximate  stimuli  o — ^ 
the  two  classes  of  end-organs  of  the  temperature-sense.    Od^ — 
scheider  supposes  that  the  difference  in  sensitiveness  of  different 
areas  of  the  skin  to  temperature  must  be  ascribed  to  the  anatomi* 
cal  distribution  of  the  heat-sensitive  and  cold-sensitive  fibres,  re- 
spectively.    But  he  does  not  show  us  what  kind  of  nervous  eon- 
trivauce  would  satisfy  all  the  conditions  which  are  imposed  by  the 
complicated  facts  of  experience. 

A.  Herzen  *  considers  himself  to  have  demonstrated,  by  paiho> 
logical  cases  and  experiment  upon  animals,  that  sensory  impulaei 
of  cold,  like  those  of  touch,  pass  along  the  posterior  strands  of  ths 
spinal  cord  ;  and  that  the  same  region  of  the  brain  (Oyrua  sigmoi- 

1  See  Pfluger*tt  Archiv,  18S5,  pp.  98  ff. 
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deus)  is  the  "  centre  "  for  both.  SeosiiiTeiiesB  to  heat  can  be  re- 
tained, it  would  seem,  after  sensitiveneaB  to  cold  has  been  lost 

§25.  In  closing  the  subject  treated  in  the  last  two  chapters, 
attention  is  again  called  to  the  large  amount  and  cumulative  char- 
acter of  the  eyidence  afforded  by  the  special  sensations,  considered 
as  respects  their  qualify,  for  the  law  of  the  Specific  Energy  of  the 
Nerves,  It  is  impossible  to  account  for  the  above-mentioned  phe- 
nomena without  carrying  this  law  to  a  great  length  in  its  applica- 
tion to  the  special  senses.  We  may  not  be  able  to  afi&rm — as  does 
Fick,*  for  example — that  two  sensations  are  distinguishable  as  re- 
spects quality  only  in  case  they  are  occasioned  by  two  individually 
different  elements  of  the  nervous  system.  For  we  have  seen  that 
the  quality  of  sensations  depends  upon  their  quantity,  upon  their 
relation  to  preceding  and  contemporaneous  sensations,  and  upon 
considerations  other  than  merely  the  one  of  what  particular  nerve- 
fibre  or  element  of  the  end-apparatus  was  acted  upon  by  the  stim- 
ulus. Moreover,  there  is  no  vmrrant  for  saying  that  identically  the 
same  nervous  apparatus  cannot  be  excited  variously  according  to 
the  nature  of  the  stimulus  which  acts  upon  it,  or  according  to  the 
combination  with  other  parts  of  the  system  into  which  it  enters  for 
the  time.  It  is  obvious,  however,  that  the  differentiation  of  fimc- 
tion,  and  the  assignment  to  specifically  distinct  apparatus  of  par- 
ticular nervous  impressions  corresponding  to  particular  mental 
states,  is  carried  to  a  great  length  in  the  special  sense&  In  this 
differentiation  of  function  it  is  not  wholly  or  chiefly  the  nerve- 
fibres,  as  such,  which  should  be  taken  into  account ;  it  is  also  the 
minute  subdivisions  of  the  end-organs  of  sense,  and  the  connections 
set  up  within  the  corresponding  regions  of  the  central  organs.  In 
accounting  for  those  complex  sensations  which  appear  in  ordinary 
consciousness,  the  law  of  permutations  and  combinations  has,  of 
course,  to  be  considered.  A  vast  variety  of  such  sensations  may  be 
made  up  by  changing  the  relations  to  each  other  of  comparatively 
few  simple  elements.  But  in  each  of  the  senses  our  analysis,  when 
carried  to  its  utmost  limit,  leaves  a  number — in  some  of  the  senses 
very  large — of  simple  sensations,  which  apparently  must  have  their 
physical  basis  in  the  excitation  of  specifically  distinct  elements  of 
the  nervous  mechanism. 

The  sense  of  smell  apparentiy  requires  that  the  law  of  the  specific 
energy  of  the  nerves  should  be  carried  to  such  a  length  as  almost 
to  reduce  it  to  an  absurdity.  Histology  has  discovered  only  one 
essential  kind  of  olfactory  end-organ,  and  that  of  comparatively 
simple  structure  ;  and  yet  experience  gives,  as  the  result  of  its  ex- 
» In  Hennann'i  Handb  d.  Physiol,  m.,  U.,  p.  166. 
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citation,  a  bewildering  Tarietj  of  aensationa  ao  apecificallj  diffiarent 
as  to  baffle  all  our  attempts  to  classify  them.     From  the  case  of 
this  sense  an  argument  may  then  be  derived  which  leads  in  ei- 
ther direction.     It  may  be  objected  to  the  law  that  it  is  absurd  to 
suppose  a  complexity  of  the  end-organs  of  smell  such  as  to  cone- 
spond  to  each  specific  kind  of  olfactory  stimulus  with  a  specific  sen- 
sation— for  example,  the  smell  of  musk,  or  of  sulphuretted  hydro- 
gen.    It  may  be  replied  to  the  objection  that^  in  the  case  of  the 
ear,  there  are  at  least  16,000  or  20,000  distinct  forms  of  auditory 
end-apparatus  corresponding  to  the  different  musical  tones ; 
it  is  therefore  by  no  means  impossible  that  the  entire  reffio 
fadoria  may  contain  enough  spedfically  different  forms  of  its  o^ 
peculiar  end-apparatus  to  suffice  for  all  the  simple  sensations  oft*  <^=3f 
smell. 

The  sense  of  taste  does  not  occasion  so  many  difficulties  in  rela-.fl^Ba- 
tion  to  the  law  of  the  specific  energy  of  the  nerres.  It  is  though' .^cAt 
possible  by  most  physiologists  to  reduce  all  the  sensations  of  tast^.^^^ 
to  four,  or  at  most  six,  different  species.  It  is  easy  to 
as  many  specifically  different  forms  of  the  nervous  apparatus  coi 
responding  to  the  different  classes  of  sensations — sweet  and 
salt  and  bitter,  alkaline  and  metallic  In  spite  of  the  fact  *^^  ^nf 
such  a  classification  appears  satisfactory  to  most  authorities,  e: 
ence  is  reluctant  to  confirm  it  Many  of  the  complex  tastes,  evi 
when  separated  from  tbeir  accompanying  sensations  of  smell, 
scarcely  resolvable  into  combinations  of  the  above-mention  ^ 
simple  tastes.  Into  which  of  the  six,  for  example,  would  expcs*-^'- 
ment  resolve  the  gustatory  sensations  which  come  from  chewin^^  s 
bit  of  chocolate,  or  of  a  nut  from  a  black-walnut  tree  ? 

The  strongest  defence  of  the  most  extreme  form  of  the  theory^   of 
the  specific  energy*  of  the  nerves  has  hitherto  been  found  in  semas- 
tions  of  musical  sound.     Here  we  undoubtedly  have  a  wide  range 
of  qualitatively   distinct  states  of  consciousness  which   are    ap- 
parently dependent  upon  the  excitation  of  a  correspondingly  large 
number  of  distinct  nervous  elementa     From  sensations  of  sigH 
although  many  points  of  the  prevalent  theory  are  still  obscure  and 
unsatisfactory,  a  considerable  force  of  evidence  bearing  in  the  same 
direction  «mav   be   obtained.     It  seems  almost  certain   that  the 
numerous  states  of  consciousness  which  result  from  stimulating 
the  different  nervous  elements  of  the  retina  are  due  to  combina- 
tions of  a  comparatively  few  kinds  of  such  elements,  each  of  wludi 
responds  in  a  specific  way  to  a  special  order  of  stimulus.     Yet  this 
is  not  precisely  what  the  theory  of  specific  energy  seems  to  de- 
mand.    For  the  different  color-sensations  all  appear  as  simple  and 
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of  ooDBcionsnesa.  None  of  them  are  twofold,  as 
■eiwatiniML  We  are  at  a  loes  to  say  why,  according  to  the  theory 
of  specific  energy,  each  sensation  should  not  result  from  the  ex- 
citation of  one,  and  only  one,  kind  of  nenrous  elements. 

The  recent  disooyeries  as  to  the  existence  of  pressure-spots, 
heat-^Myts,  and  cold-spots  in  the  skin  add  important  evidence  to 
that  already  eidsting  in  favor  of  the  law  under  discussion.  It  will 
farther  appear,  when  we  consider  the  process  of  localization  in  tlio 
so-called  ''  geometrical  senses  "  of  the  eye  and  the  skin,  tliat  tlio 
leiy  poflsifaility  of  such  a  process  demands  a  strict  and  far-reaching 
applicatiod  of  the  law  of  the  specific  energy  of  the  nerves.  Pre- 
cisely how  we  are  to  state  and  limit  this  law,  neither  its  opponents 
nor  its  advocates  have  as  yet  been  able  satisfactorily  to  show.  The 
exact  expression  of  the  theory  waits  for  further  evidence  from 
experiment^  although  there  can  be  little  doubt  that  in  its  main 
featores  it  is  already  secure. 


CHAPTER  V. 

THE  QUANTITY  OF  SENSATIONS. 

§  1.  By  an  act  of  mental  analysig^  which  all  men  readily  perf on09 
changes  in  the  amount  of  sensation  are  distinguished  from  chazi^^^ 
in  its  quality.     This  distinction  obviously  requires  for  its  perforsa^ 
ance  nothing  beyond  what  is  immediately  given  in  consdousne^^ 
All  sensations  appear  there  as  differing  among  themselves,  not  tm^^ 
with  respect  to  the  nature  of  the  impression  which  serves  to  ^jbbb^^^^ 
them  into  groups  (as  sensations  of  sight,  sound,  etc.),  but  also  wil 
respect  to  the  degree  in  which  each  particular  impression 
the  sphere  of  conscious  attention  and  feeling.     The  best  illi 
tion  of  an  alteration  in  the  intensity  of  sensation,  while  its  d 
teristic  quality  remains  unaltered,  may  be  derived  from  mtusic     ^^-. 
tonea     The  dying-out  of  a  single  note  when  the  bow  is  draicT"*^, 
with  decreasing  force  across  the  string  of  a  violin,  or  a  singl^  ^ 
key  of  the  piano  is  struck  and  the  pedal  held,  may  be  considei 
as  a  change  in  the  quantity  of  sensation,  while  its  quality  is 
changed.     A  more  complex  case  is  the  experience  we  have  whc^=^' 
approaching  to,  or  receding  from,  a  bell  that  is  sounding  or        ^ 
steam-whistle  that  is  blowing.     Noises  of  a  certain  complex  qualit^^^^^ 
— such  as  slamming,   hissing,  grating,   etc. — are  continually  d^-^^^ 
scribed  as  very  loud,  moderately  loud,  or  of  weak  intensity.    9iJ^^ 
too,  when  approaching  a  white  or  colored  light,  with  our  attentic^^*^^ 
fixed  upon  it,  we  generally  disregard  almost  wholly  the  chang»'^^3^ 
in  its  color-tone  which  take  place,  and  consider  chiefly  the 
in  its  intensity   and   apparent  size.     The  pressure  of  differed 
weights  upon  different  parts  of  our  skin  is  ordinarily  regarded 
the  same  in  quality  and  as  varying  only  in  amount  and  locali^- 
The  same  thing  is  true,  in  almost  precisely  the  same  way, 
sensations  of  temperature.     The  thing  we  touch  is  called  sligh. 
cold  or  very  cold,  somewhat  warm  or  hot^   our  attention 
directed  chiefly  to  the  quantum  of  sensation  which  it  calls  forr^^ 
In  other  words,  it  is  generally  the  same  kind  of  pressure  and  t^*'- 
perature,  with  a  varying  degree  of  intensity,   of  which  we    ^w» 
conscioua 
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It  18  ntfore  difficuli;  boweyer,  even  in  the  most  indefinite  way,  to 
separate  the  quantitiea  of  oar  sensations  of  smell  and  taste  from 
tihe  changes  in  quality  of  the  same  sensations.  A  concentrated 
sweet  or  acid  so  strongly  excites  a  variety  of  forms  of  feeling  which 
oiingle  indistinguishably  with  the  specific  sensations  of  taste  that 
we  are  compelled  to  attend  to  the  Tery  decided  qualitative  changes 
ivhich  are  taking  place.  The  increased  intensity  of  the  sweet  or 
sour  we  may  indeed  speak  of  as  *'  very "  much  of  the  Hame  sensa- 
tion which  was  excited  in  less  degree  by  the  diluted  form  of  the 
stimulus;  but  we  are  more  likely  to  regard  it  as  constituting  a 
x>mplete  change  in  the  kind  of  taste.  In  the  same  manner,  atten- 
tion is  forcibly  directed  toward  the  kind  of  sensation  which  results 
bt>m  increasing  the  quantity  of  any  specific  sensation  of  huicU. 

It  is  further  obvious  that  the  distinction  which  we  moke  between 
changes  in  the  quantity  and  changes  in  the  quality  of  our  sensa- 
tions is  to  some  extent  applicable  for  comparing  the  Hensations  of 
iififerent  senses.  And  here  the  distinction,  when  applied  to  sub- 
ipecies  under  certain  specific  forms  of  sensation,  affords  us  a 
means  of  transition  for  such  comparisons  Some  yellows  are 
blight  and  others  dull ;  and  the  same  thing  is  true  of  the  reds  and 
the  blues.  The  sours,  the  sweets,  the  bitters,  may  bo  compared 
with  each  other  as  respects  the  degree  of  intensity  which  they  pos- 
sess. We  may  next,  in  a  very  indefinite  way,  compare  the  quantities 
of  the  sensations  of  the  different  senses  as  they  appear  side  by  side, 
Dr  successively,  in  consciousness.  We  are  ordinarily  satisfied, 
however,  with  simply  describing  the  varying  degrees  of  intensity 
possessed  by  our  different  sensations  as  "  weak  "  or  **  strong  "  (with 
or  without  the  emphatic  "very'*),  or  as  only  "  moderate.'*  Thus 
we  may  judge  that  both  the  light  which  we  see  and  the  tone  which 
we  hear  (either  simultaneously  or  one  immediately  after  the  other) 
are,  or  are  not,  to  be  classed  together  under  the  same  one  of  these 
three  grades  of  intensity. 

§  2.  That  changes  in  the  intensity  of  our  sensations  are  not,  in 
fact,  independent  of  changes  in  their  si)ecific  nature  has  already 
been  proved  (Chap.  IV.,  g  4).  Only  in  the  case  of  musical  tones 
ire  we  able  at  the  same  time  to  attend  carefully  to  botli  the  quan- 
tity and  quality  of  our  sensations,  and  so  discover  with  perfect 
confidence  that  the  former  is  changing  while  the  latter  remains  un- 
shanged.  Even  in  this  case,  since  the  tones  which  we  ordinarily 
bear  are  composite,  any  considerable  alteration  of  their  intensity 
changes  also  their  tone-colonng,  through  the  alteration  wliicli  it 
produces  in  the  comparative  intensities  of  the  overtones.  Any  in- 
crease in  the  brightness  of  a  particular  color  invariably  changes  its 
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tcriBtic  color-tone.    A  white  of  less  intensitj  is  not  merely 
hite,  but  becomes  a  gray  ;  and  by  constantly  diminishing  its 
sity  white  can  be  shaded  through  the  different  grays  toward 
£,  which  is  certainly  not  a  feebler  degree  of  the  sensation  of 
jQ,     The  same  dependence  of  quality  on  quantity  is  tme  in  all 
satious  of  smell,  taste,  pressure,  and  temperature.     It  would  be 
listakc,  however,  on  this  account  to  consider  '*  quantity  "  of  sen- 
ions  as  only  another  name  for  shades  of  quality,  or  to  deny  that 
e  can  apply  terms  of  measurement  to  these  reactions  of  the  mind 
pon  the  excitation  of  the  nervous  apparatus  of  sense.*     Scientifio 
iualysis  confirms  the  distinction  made  by  ordinary  experience  be- 
tween "the  tixiy"  we  feel  and  *^how  much'*  we  feel  in  any  partienlar 
way. 

g  3.  All  descriptions  of  the  changing  intensities  of  sensationi^ 
when  made  on  the  basis  of  ordinary  experience  solely,  leave  Oam 
subject  in  a  \Qry  indefinite  and  unscientific  form.  That  a  oertaiiB. 
noise  is  louder  or  weaker  than  another  of  precisely  the  same  ^'*»^.^ 
one  may  be  quite  ready  to  affirm  ;  one  may  even  be  ready  to 
that  one  judges  this  noise  to  be  about  twice  or  three  times  as  loi 
as  the  other.  But  when  more  precise  estimates  are  demanded, 
is  obliged  to  hesitate  before  giving  them.  Is  this  musical  tone 
(or  a  hundred)  times  as  loud  as  the  other  ;  or  is  it  only  nine 
nine-tenths  (or  ninety-nine  and  nine-tenths)  as  loud  ?  Few  woi 
venture  so  nice  an  estimate  with  any  confidence.  Yet  the  case  ^^' 
sound  is  much  more  favorable  than  that  of  most  of  the  aenaee  fcj«--»^ 
forming  an  exact  judgment  as  to  its  intensity.  It  would  be  diiEeoK-'^ 
under  the  nioHt  favorable  circumstances  to  affirm  that  the  aei 
tion  of  the  li^ht  a  is  twice  or  three  times  as  bright  as  that  of  tb 
light  b  ;  or  that  of  the  shadow  x  one-half  or  one-third  as  bright 
y,  Tlic  comparative  intensities  of  different  color-tones  are  yet  m< 
difficult  to  fix  subjectively — even  in  the  most  indefinite  way. 
particular  yellow  may  seem  alpoui  as  bright  a  color,  of  its  kind,  ^^^ 
does  the  red  near  it,  of  its  kincL  But  the  precise  moment  conL^^ 
not  readily  be  told  when  the  blue  of  the  sky  appears  e: 
twice  as  intense  as  the  green  of  the  grass.  Still  further,  all 
mates  of  the  quantity  of  sensation  approach  the  point  at  whirls 
they  lose  their  meaning  and  tend  to  become  absurd,  when  we  ccNSi' 
pore,  for  example,  sensations  of  smell  or  taste  with  those  of  prcag' 
ure,  temperature,  or  sight  We  never  say  :  The  rose  smells  9B 
sweet  as  it  looks  red  ;  or  the  lemon  is  twice  as  sour  as  the  sky  tf 
blue.  And  yet  each  qualitatively  different  sensation  is  assumed  \o 
have  its  place  somewhere  in  that  scale  of  intensities  through  whidi 

>  Com  p.  Stumpf,  ToDpsjchologie,  I.,  p.  847  f. 
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the  different  qnalitiefl  maj  run  ;  each  may,  thcreforo,  lio  coin])arGfl 
vithereij  other,  with  respect  to  the  general  position  wliich  it  t>o* 
capjes  in  its  characteristic  scale. 

§4  All  things  to  which  terms  of  quantity  apply  admit  of  tumw 
hmi  ot  meaauremeni  and  comparison  with  rc8|)Gct  to  thfir  (]imntity. 
Senationa,  to  be  sure,  are  not  **  things"  but  ruther  nKKli-s  of  the  ac- 
tivity of  mind,  excited  through  the  nervous  nioohnnisni  of  Hcnso. 
Nerertheless,  since,  like  material  things,  they  iidiuit  of  sonit>  uppli- 
ntion  to  themselves  of  the  terms  of  quantity  ;  nud  since  tlit-y  vary 
in  tlieir  absolute  and  relative  degrees  of  quantity,  it  is  not  Ktmii^e 
tiat  experimental  science  has  endeavored  to  nicHsiin'  sfiis:itiuiis, 
>nd  to  state  laws  for  their  comparison  and  niutuul  rt'latious.     Thu 
g^ial  question  of  the  quantity  of  sensiition  in  vol  vis  an  iiiisw(.r  to 
tro  subordinate  inquiriea     Of  theso  two  the  lirst   (roiu^crns  th'i 
U'fti^  within  which  the  different  sensationH  in:iv  varv  in  qiiniititv, 
^yet  remain  sensations  of  the  same  m^uHn  ;  t)ie  sec'on<l  eonccnis 
^kwo/the  relation  which  is  maintained  within  the  limits  hiiium;^ 
^Tarious  sensations  compared.     But  neithei' of  these  ([ucstions 
^  be  answered  directly.     Sensations  cannot  be  kept   (-••iistani  in 
9iiintity,  and  measured  by  the  direct  application  of  physical  staixl- 
^^^ whether  with  a  view  to  fix  their  iibsolute  or  their  nlaiivn 
^^fignitude.     Thev  are  all,  however,  under  ordiuarv  c-ircu instances, 
^^nnected  with  the  action  of  different  forms  <»f  physii-al  ener^^'y 
^i^on the  nervous  system  ;  that  is  to  wiy,  tluy  are  cansiil  by  tho 
^^lication  of  stimuli  to  the  nerves,  nntl  the  chan^'is  in  the  amount 
^  *  the  sensations  are  dependent  upon  chanj^es  in  tlie  intensity  nf 
^  ^e  stimuli  which  occasion  them.     These  stimnli  admit  <if  clinnj^^rs 
^^4 quantity,  which,  theoretically  at  least,  are  nieasnrahh-  nKjertivi  ly. 
^^^*itli  more  or  less  exactness.     Rcsultinj^  clian^<'s  in  cimsciousncss 
only  be  measured  by  attentive  judji^ment,  which  jlinctly  dis- 
riminates  the  sensations  as  varying  in  intensity,  and  as  bein^ 
ater  or  less,  one  than  the  other,  in  tho  scido  of  inqtressions 
"^hich  experience  has  framed. 

The  problems  of  the  measurement  of  Hensation  may  then  bo 
Stated  as  follows  :  (1)  To  determine  how  little  ami  how  nnich  of  (^ach 
Icind  of  stimulus  will  produce  respectively  tlio  h-ast  and  tho 
^eatest  quantity  of  each  kind  of  sensation  of  which  the  mind  is 
capable,  or  to  find  the  quantitative  limits  within  whicrh  sensations  of 
each  sense  are  possible ;  and  (2)  to  determine  the  law  of  the  reflation 
under  which  changes  in  the  intensity  of  sensations,  as  estimated 
in  consciousness,  are  de^Kindent  upon  changes  in  tho  intensity  of 
the  stimuli 

§  5.  Unexpected  and  insuperable  diiliculties,  however,  stand  in 
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the  way  of  a  direct  solution  of  either  of  the  two  aboT04ii«iitioiied 
problems,  even  in  the  modified  form  in  which  thej  were  last  stated. 
For,  in  the  first  place,  it  is  only  with  respect  to  sensations  of  press- 
ure and  of  the  muscular  sense  that  we  can  measure  objediTely  the 
physical  energies  which  act  on  the  nervous  end-organs^  with  much 
approach  to  perfect  exactness.  *  The  amplitude  of  the  aooustio  waves 
in  the  air  which  originate  from  a  given  source  would  indeed  admit 
of  exact  measurement ;  but  the  modifications  which  these  waves 
undergo  before  they  reach  the  nerve-cells  and  nerve-fibres  of  the 
inner  ear  are  so  complicated  as  to  make  it  impossible  to  calculate 
accurately  the  amount  of  the  physical  stimulus  which  is  directiy 
appUed  to  the  end-organs  of  hearing.  The  photo-chemical  and 
thermic  effects  of  light  may  be  measured  objectively.  But  this 
light  is  not  the  direct  physical  stimulus  for  the  fibres  of  the  optic 
nerve,  or  even  for  the  end-organs  of  the  retina ;  and  we  have  no 
sufficient  means  for  estimating  the  amount  of  those  chemical  changes 
in  the  visual  substances,  or  pigments  of  the  eye,  which  are  supposed 
to  be  the  immediate  excitants  of  the  terminal  apparatus  of  vision. 
The  case  is  yet  more  hopeless  with  respect  to  the  senses  of  taste 
and  smell ;  inasmuch  as  we  do  not  even  know  what  properties  smell- 
able  and  tastable  substances  must  possess  in  order  to  influence  th( 
nerves  of  those  sensea  The  objective  measurement  of  the  nliimiliiiw  ■  in 
for  sensations  of  temperature  also  is  made  difficult  by  the  fact 
its  amount  is  dependent  upon  the  zero-point  of  the  skin  itself, 
since  this  point  is  different  at  different  times  and  for  different^ -^^^ 
areas  of  the  entire  surface,  and  is  always  difficult  of  precise 
mination. 

Moreover,  could  we  measure  with  perfect  exactness  the  intensit]^^^ 
of  the  stimulus  as  it  is  applied  directly  to  the  appropriate  end — . 
organs  of  sense,  our  knowledge  of  the  intensity  of  the  m 
physical  antecedents  of  the  resulting  sensations  would  be 
enough  from  complete.     How  do  the  end-organs  modify  the  quan — ^* 
tities  of  the  stimuli  before  they  transmit  their  effect  to  Uie  conduct  ■^^^ 
ing  nerve-fibres?    Precisely  how  much  further  modification  d< 
these  quantities  receive  in  transmission  to  the  central  organs^ 
the  hands  of  the  conducting  nerve-tracts  ?    What  are  the  laws  w] 
control  the  reception,  diffusion,  and  modification  of  the  rJifTriroiiw    ^ 
intensities  of  the  transmitted  nerve-commotions,  within  those  part:?=^ 
of  the  nervous  mechanism  (the  central  organs),  where  they  beoom.^ 
the  immediate  occasions  of  the  rise  and  change  of  sensations  in  Hm^ 
mind  ?    These  are  questions  to  which  we  are  absolutely  unable  to 
give  any  satisfactory  answer. 

<  Comp.  Wundt,  PhilosopliiBche  Stadi6x^  1888,  IL,  h«fti.,  pp.  10  ft 
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'  §  (L  Bat  if  an  exact  objeotiTe  measurement  of  the  physical  stim* 
i  is  intrinsically  difficult,  an  exact  sabjectiTe  measurement  of  the 
sensations  themselyes  is  inherently  impossible.  Such  subjectiyo 
measurement  can  exist  at  all  only  in  the  form  of  a  judgment  which 
compares  two  or  more  sensations  with  a  view  to  pronoimoe  whether 
they  are  equal  in  intensity  ;  or,  if  unequal,  which  is  the  greater  and 
which  the  less  of  the  two.  But  we  haye  seen  that  the  ordinary 
estimate  of  the  absolute  strength  of  a  sensation  is  able  simply  to 
assign  to  it  an  indefinite  position  in  the  scale  of  its  kind.  With 
certain  exceptions,  scientific  analysis  can  do  little  to  exclude  the 
uncertainties  of  the  ordinary  estimate.  These  exceptions  are  all  of 
the  following  kind  :  Where  two  sensations  of  the  same  quality  are 
produced,  either  simultaneously  on  different  corresponding  areas  of 
the  same  organ  or  successively  (with  the  most  f STorable  interval  be- 
tween) upon  the  some  area,  by  amounts  of  stimulation  that  are  very 
nearly  or  precisely  equal,  the  attentive  mind  can  discriminate  the 
minute  differences,  or  exact  equality,  of  the  intensities  of  these  two 
sensations,  with  a  great  degree  of  nicety.  The  problem  of  meas- 
uring the  quantity  of  sensations  depends,  therefore,  upon  obtaining 
the  least  observable  differences  in  intensity  for  each  kind  of  bensa* 
tions,  and  for  every  point  along  the  scale  of  degrees  of  intensity. 

But  in  this  connection  another  occasion  for  doubt  and  debate 
arises.  Is  "  the  least  observable  difference  '*  of  two  sensations  it- 
self a  constant  quantity?  The  affirmative  answer  to  this  question 
is  assumed  by  Fechner  *  and  all  strenuous  advocates  of  the  law 
which  he  defenda  It  has  even  been  argued  that  to  hold  another 
than  the  affirmative  view  involves  a  contradiction  in  temm.'  What 
can  be  meant,  it  is  asked,  by  a  "  least  observable  diffcircnco  "  in  in- 
tensity between  two  sensations,  unless  it  be  that  this  diffentiico  is 
a  constant  unit  for  the  measurement  of  those  sensationM  of  the 
same  kind  which  he  near  the  same  point  in  the  scale  ?  If  the  dif- 
ference is  more  than  just  observable,  then  of  course  it  is  not  the 
least  observable  ;  if  it  is  less,  then  it  is  not  fjffnerixible  at  all — that 
is  to  say,  there  is  no  change  in  nensation.  But  t^)  this  ar^iniont 
the  following  reply  is  pertinent:  The  ''least  observable  differenru '* 
is  not  itself  a  mental  entity  or  a  mental  state,  that  can  \h'.  rni;aNured 
and  used  as  a  unit  for  measuring  the  quantity  of  oDwr  mvtiinl 
states.  For  example,  if  the  addition  of  n  to  the  stitnuluH  S  in  thu 
smallest  amount  that  will  produce  such  a  chan^j  in  tho  fni^nUI 
state  X  as  to  cause  it  to  pass  over  into  x\  which  thcs  niind  rtuum- 

*  Elemente  d.  Psjchophjsik  (1800),  i..  p.  54  f . ;  In  Hiuihfu  d,  Vnyf;hoithyn\k 
(1877),  p.  45  f.;  Revision  d.  Hanptpunkt*?  d.  Psychophj^lk  (IHH'Z),  p    \H  f. 

*  Ck>xnp.  the  fint  edition  of  Wondt's  Phjrsiolog.  I'l/cholf/^iii,  p.  21l4. 
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nizes  as  haTing  a  greater  quantit j  of  Bensation  than  x,  math  fad  is 
to  be  stated  and  accepted  as  a  mere  fact ;  it  does  not  foUow,  how- 
ever, that  we  may  conclude  that  or'  —  j?  =  A,  and  that  this  A  is  en- 
titled to  a  name  (''  least  observable  difference  ")  and  a  rank  among 
the  mind's  experiences  by  way  of  sensation.  There  are  no  9enmr 
tiotis  (whatever  physical  occasions  of  sensations  may  exist)  except 
those  that  appear  in  consciousness  ;  ex  hypothesif  there  appear  in 
consciousness  only  x  and  x',  and  no  sensation  whatever  lying  be- 
tween the  two  in  intensity.  We  judge,  indeed,  that  the  intensiij 
of  x\  now  present  in  expeiience,  is  greater  than  was  the  intensUy  of 
X,  now  remembered  as  an  image  of  past  experience ;  but  A  (or  x  —  x) 
is  a  mere  abstraction,  a  figment  of  the  experimenter's  brain,  and  not 
a  real  experience  of  the  person  with  whom  he  is  experimenting. 

Moreover,  if  A  were  capable  in  any  case  of  being  regarded  as  a 
unit  of  subjective  measurement^  it  would  by  no  means  follow  that 
its  mental  value  is  a  constant  That  n,  or  iiie  amount  of  stimulus 
which  must  be  added  to  5  in  order  to  produce  an  observable  change 
in  the  quantity  of  sensation,  is  not  constant  we  know  beyond  doubt 
For  the  different  senses,  for  different  individuals,  for  different  de- 
grees of  the  absolute  stimulus  (i.e.,  value  of  S),  for  different  con- 
ditions of  the  organs  of  sense,  this  amount  n  is  constantly  varying. 
The  amount  of  A  may  also  be  held  to  vary,  according  to  psycho- 
logical changes  in  the  means  and  power  of  mental  discrimination, 
such  as  we  have  no  way  of  measuring  objectively.  For  we  must 
again  insist  upon  the  fact  that  the  real  quantity  of  a  sensation  is 
not  the  same  thing  as  the  estimated  quantity  of  the  same  sensation. 
The  "  least  observable  difference  "  would  not,  therefore,  necessarily 
be  the  same  as  the  least  real  difference,  between  two  sensationa' 
It  is  not  the  mind's  custom  to  attend  accurately  to  the  changes 
quantity  of  its  sensations  as  such.  Properly  speaking,  many  con 
siderable  changes  in  our  sensations,  as  we  may  judge  by  the  guid 
ance  they  give  to  the  bodily  motions  and  the  mental  train,  do  noi 
appear  in  consciousness  with  a  label  of  exact  quantitative 
ment,  as  it  were,  attached  to  them. 

It  is  therefore  obvious,  from  the  great  difficulties  which  

inseparably  both  to  the  objective  measurement  of  the  stimuli  ofc-  '^^ 
sensation,  and  to  the  subjective  measurement  of  the  resulting  sen^ — '  ' 
sations,  that  any  law  of  their  relation  can  have  only  an  indefinit^^^ 
statement  and  a  secondary  value. 

§  7.  Two  methods  of  determining  the  lower  limii^  or  minimuirJ 
of  stimulus  producing  a  sensation,  are  posKible.     In  the  use  of  one 
method,  a  weak  stimulus,  but  somewhat  above  the  amount  needed 

'  Comp.  Stumpf,  Tonpfljchologie,  L,  p.  51  f. 
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to  i»odiioe  a  aensatioa  is  applied  ;  its  intensity  is  then  diminished 
by  minute  gradations  until  ttie  exact  point  is  reached  and  noted  at 
which  it  ceases  to  produce  any  sensation  at  alL  In  the  use  of  the 
other  method  a  stimulus  too  weak  to  produce  any  sensation  is  first 
applied ;  its  intensity  is  then  very  gradually  increased  until  it 
begins  to  produce  the  smallest  obserrable  sensation.  Both  ways 
may  be  combined,  and  thus  the  ''  sensitiveness  "  of  each  organ  of 
sense,  and  of  each  part  of  each  organ,  may  be  determined.  Such 
sensitiveness  increases,  of  course,  in  inverse  ratio  to  the  amount  of 
stimulus  necessary  for  producing  any  sensation  at  all,  or  for  pro- 
ducing a  sensation  estimated  as  having  a  definite  degree  of  energy. 
The  effort  to  determine  the  lower  limit  of  sensations  of  sight  and  of 
sound  is  embarrassed  by  the  facts  that  the  retina  is  always  under 
excitation  from  the  chemical  changes  going  on  in  its  pigments,  and 
therefore  has  a  certain  quantum  of  so-called  "  light  of  its  own,** 
and  that  such  a  thing  as  "absolute  stillness  **  cannot  probably  be 
secured  for  the  ear.  Total  absence  of  sensation  in  the  ear,  could 
it  be  secured,  would  not  be  comparable  to  the  black  which  we  see 
with  the  eyes  closed.' 

The  upper  limit,  or  maximum  amount  of  stimulus  which  the  ner- 
vous organism  can  receive,  cannot  be  determined  experimentally. 
The  use  of  excessive  quantities  of  stimulus  is  not  only  too  fatigu- 
ing but  also  too  dangerous  to  the  structure  of  this  organism  (for 
example,  of  blinding  light  upon  the  eye,  stunning  noise  in  the  ear, 
etc.)  to  admit  of  successful  experiment  in  this  direction.  Moreover, 
the  application  calls  out  so  much  of  those  varied  forms  of  feeling 
which  are  allied  with  all  the  specific  sensations  as  to  overwhelm 
the  latter  with  the  former.  Very  concentrated,  sour,  or  bitter  solu- 
tions, or  very  intense  odors,  are  not  simply  tasted  and  smelled ;  they 
are  ^^aofelt  with  all  the  adjoining  parts  of  the  body.  Very  strong 
light  and  very  loud  noise  do  not  simply  heighten  the  specific  sensa- 
tions of  sight  and  hearing,  they  rather  destroy  them  in  a  flood  of  pain- 
ful feeling.  We  may  affirm  in  general,  however,  that  the  "  capacity  " 
of  each  sense  varies  directly  as  the  amount  of  stimulus  which  it  can 
receive.     The  "  circuit "  or  range  of  the  sensations  of  each  sense 

C  1 

may  then  be  said  to  be  -    where  _  stands  for  the  measure  of  the 

sensitiveness,  and  G  for  the  measure  of  the  capacity,  of  each  sense.* 

1  On  the  qaestion  whether  absolute  stillnoss  Is  possible,  and  whether  the  ear 
has  anj  sensation  comparable  to  the  black  of  the  eye,  see  Lotze,  Medicinische 
Psjchologie,  p.  218;  Volkmann  von  Volkmar,  Lehrbuch  d.  Psyohologie, 
1884,  I.,  p.  273  ;  and  Stompf,  Ton psychol ogle,  I.,  p.  380  f. 

<  See  Wandt,  Pbysiolog.  Psychologie,  i,  p.  324. 
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§  8.  There  are  three  methods  of  determining  ezperimenttlty  the 
least  observable  differences  in  sensationB.    These  are  called,  (1)  the 
method  of  least  observable  difference  ;  (2)  the  method  of  average 
errors ;  (3)  the  method  of  correct  and  mistaken  cases.     Of  the 
three  methods,  the  first  bears  the  name  which  suggests  the  real 
subject  of  investigation  in  them  alL     This  method  is  divided  bj 
Wundt  *  and  others  into  two— namely,  the  method  of  mean  gradsr 
tions  of  sensation,  and  the  method  of  minimum  changes  of  sensation. 
But  these  are  really  only  two  modes  of  applying  one  method.   In  the 
one  case  an  attempt  is  made  to  form  a  scale  of  stimuli  whose  intervals 
correspond  to  equally  large  intervals  in  our  estimate  of  the  resolting 
sensations,  by  judging  what  amount  of  the  stimulus  produces  a 
tion  (M)  that  lies  exactly  midway  between  two  other  sensations  (A  an< 
O)  separated  by  a  clearly  perceptible  interval  (hence  A:  M : :  M :  O] 
Between  A  and  M  another  middle  term,  the  sensation  of  magnitude  ^,i    ^ 
may  then  be  sought  and  found ;  and  so  on  until  the  limit  of  observ —  — '* 
able  differences  is  reached.    This  mode  is,  however,  less  comprehei 
sive  and  fruitful  than  the  second  mode  of  applying  the  sameprinci] 
The  *'  method  of  minimum  changes  in  sensation  "  seeks  directly 
establish,  all  along  the  scale  of  intensities  of  the  stimuli,  that 
in  their  strength  which  is  just  enough  (and  no  more  than  enougV^ 
to  produce    a  minimum   change  in  sensation.     Such  minimunr"*^""^ 
change  may  be  conceived  of  as  standing  just  on  the  *'  threshold 
of  our  |)ower  to  make  distinctions  in  the  degrees  of  strength  wil 
which  our  sensations  are  apprehended  in  consciousness.* 

The  ''  method  of  average  errors''  (2)  begins  by  fixing  upon  som^^-^® 
given  Bcusation  which  is  known  to  be  caused  by  a  given  intensi^^^rrJ 
of  stimulus ;  the  attempt  is  then  made  also  to  fix  upon  anothcoK^^^BT 
stimulus,  by  means  of  the  sensation  it  produces,  as  being  exactl^^^J 
equal  to  the  former.  The  trial  results  in  a  number  of  guesses 
are  more  or  less  out  of  the  way.  By  averaging  all  the  cases  of 
the  degree  of  sensitiveness  to  distinctions  is  discovered.  In  others 
words,  the  method  attempts  to  determine,  at  each  point  along  th. 
scale  and  for  each  kind  of  stimulus,  the  differences  in  the  strengC  ^^ 
of  stimuli  that  are  just  below  the  amount  necessary  to  make  an  o1 
servable  difference  in  the  resulting  sensations. 

In  the  "  method  of  correct  and  mistaken  cases  "  (3)  minute 
ditions  or  subtractions  of  the  amount  of  stimulus  are  made,  wil 
the  intent  of  seeing  how  many  cases  of  right  and  how  many 

>  See  Wundt.  Phjsiolog.  Psjohologie,  i.,  p.  825  f.,  and  oomp.  hit  Philoiopd- 
ificbe  Studien.  1881,  p.  8  f. 

'Called  ''Unterschiedsschwelle"  by  Fechner,  Elemonto  d.  FH^oluiphjflElf 
i.,  p.  242. 
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wrong  gaeaaing,  respectiTely,  will  result  for  each  of  the  different 
positionB  in  the  scale  of  the  stimuli,  and  for  each  kind  of  8timulu& 
H  then,  the  proportion  of  the  number  of  correct  to  mistaken  guesses 
is  kept  the  same  for  all  points  of  the  scale,  the  amount  of  change 
in  the  stimulus  necessary  for  this  may  be  held  to  measure  the  sen- 
sitiveness to  differences  which  belongs  to  each  of  these  points. 
Thus,  let  n  =  the  whole  number  of  guesses,  and  r  =  the  number 

of  right  guesses ;  then  —  =  the  sensitiyeness  to  differences     But 

the  positive  value  of  this  quotient  being  kept  unchanged,  the 
amount  of  stimulus  added  to  or  subtracted  from  the  original 
amount  will  measure  the  sensitiveness  to  differences  for  all  points  of 
the  scale.  This  method  has  been  largely  used  and  warmly  defended 
by  Fechner '  in  experimenting  with  sensations  of  pressure.  Much 
doubt  has»  however,  been  thrown  upon  the  use  made  of  it  by  this 
observer ;  and  especially  upon  the  propriety  of  reckoning  the  doubt- 
ful cases  one-half  to  the  right  and  one-half  to  the  wrong  guesses.* 

A  comparison  of  the  above-mentioned  methods  shows  that  they 
are  aU  simply  different  ways  of  measuring  the  sensitiveness  of  the 
mind  to  minute  differences  in  the  quantity  of  its  sensations  as  de- 
pendent upon  changes  in  the  intensity  of  the  stimuli.  They  should 
never  be  employed,  therefore,  without  taking  into  account  the 
fact  that  various  other  causes,  besides  such  objective  changes  in 
the  stimuli,  always  co-operate  to  determine  the  degree  of  this 
mental  sensitiveness.  To  eliminate  these  other  factors  from  the 
calculation  is  by  no  means  easy. 

§  9.  The  one  law  which  claims  to  be  a  scientific  exprestdon  of  the 
relations  between  changes  in  the  intensity  of  stimuli  and  clianges 
in  the  quantity  of  the  resulting  sensations  is  that  known  by  the 
name  of  E.  H.  Weber.  This  observer  originally  used  the  method 
of  least  observable  differences  as  applied  to  sensations  of  pressure 
and  to  the  measurement  of  lines  by  the  eye.*  "  Weber's  law"  has 
been  elaborated,  confirmed  by  a  vast  amount  of  experiment,  and 
defended  as  a  psycho-physical  principle  of  tlie  widest  application, 
by  Fechner  (in  the  works  referred  to,  note,  p.  361).  The  significant 
addition  which  Fechner  has  made  to  Weber's  law  consists  in  the 
assumption  that  all  just  observable  differences  are  equally  great/ 

'  Elemente  d.  Paychophysik,  i.,  pp.  93-120. 

•  On  thia  point  see.  especially,  G.  E.  Mailer,  Grundlegung  d.  Psychophy- 
■ik,  p.  86  1  ;  and  Wundt,  Physiolog.  Psychologie,  i.,  p.  330  f. 

>  Eflpecially  in  articles  on  the  sense  of  touch,  in  R.  Wagner^s  Handworterh. 
d.  Fhysiologie,  III.,  ii. ;  and  Arohiv.  f.  Anat,  Physiol.,  etc.,  1885,  pp.  152  ff. 

*  On  this  point  oomp  Fnnke,  in  Hermann*s  Handb.  d.  PbysioL,  IIL,  il.,  p. 
849  f. ;  and  Wnndt,  Philoaopbiscbe  Studien,  IL,  Htft  1,  pw  6 1 
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In  oihiffT  vc«vl«^  if  we  &SBXZXM-  thit  the  IctMt  oLaeitiib^ 
is   KriiiAtic/ui  xuaT  be  re<nrd&i  as  m  enuaast  ciiisnaTT.  iiksl 
order  v>  j/ryJu^cr  this  iDcmse  or  decreaae  ia  iht  asDOOBt  cf 
HOion,  tLe  a  initios  or  sahtnttion  of  m  mncii  gresxer  mmooBt 
BtiuiujuH  U  lie^^led  for  the  higber  thifi  for  the  lomvr  |.*wiiiiM  of 
scale.     Weber's  law  undertakes  to  U31  ns  h<*v  mj^A  greater 
require*!  axnoimt  of  stimolos  mnst  be.     Jx  admits  of 
tbe  seTeral  following  wajs :  The  difference  between  anj  two 
is  exjierienced  as  of  equal  magnitade  in  case  the  mathematieal 
latioii  of  those  stimuli  remains  unaltered  :  or.  If  the  intenaitT  of 

tbe  seii>»atios<»  is  to  increase  bj  equal  absolute  magnitudes. 
tbe  relative;  inrrease  of  the  stimulus  must  remain  constamt:  or. 
streri^^li  of  tbe  stimulus  must  ascend  in  a  geometrical  pioporti— oo 
iu  i:w¥:  tb(;  Ktreii<rtb  of  tbe  sensation  is  io  increase  in  an  aril 
metical  proj^ortion.* 


'  S*...  Wundt,  I'hT»ioloff.  Psrchologie,  i.,  p.  335.  For  the  detailed 
mati'-al  <litvriju^iion  and  «?zpr<f8rion  of  Weber*i  Uw  the  mder  is  referred^  to 
ihtt  t^fchnical  work^  e«peciallj  of  FechDer  aud  G.  B.  MOIler.  A  simple  st^^^-^ 
m«iit  of  Wi.')>;r  h  principle  mar  be  given  as  follows  :  Let  11=  the  intensitw^   of 

t)i«;  litfht  of  on*'-half  of  a  white  field  ;  -—  =  the  smallest  fraction  of 
abided  to  //  tliat  will  produce  an  obserrable  increase  in  this  intensitj: 

7/  *■  /'    -  th<;  intc'n^ity  of  the  other  half  of  the  same  field.     Then  let 

the  HeuDation  pn^lucnd  hj  II ;  S  •¥  »  =  the  sensation  produced  bj  H-\ 57? 

and  «  will,  of  coanM*.  represent  the  so-called  least  obserrable  difference  at  <l>a 
point  in  thi*  Hcale.     We  have,  then,  11  produces  ^';  ir+  j~.  or  f  Ji ^» P"^ 
duces  .S'  +  «;  \  ,\\,  II -^  \^\ !L ,  or  ig^.tlll  II,  produces  5  +  s  +  s  ;  and  ioo0. 

Tliat  Ih  U)  hav.  if  «  is  to  be  kept  of  the  same  magnitude,  then  HmmA  be  m*^ 
Hjdt^ff  by  till*  Hame  magnitude  i\H). 

The  tlirei;  fundamental  formulas  which  Fechner  has  employed  to  stats  nd 
demuuNtrate  the  law  are  the  following  :  Let  S  be  the  magnitade  of  the  seiar 
tiou  caused  by  the  stimulus  2,  and  AS  a  just  obserrable  inoresae  in  this  &»> 
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The  empirical  data  upon  which  the  adTOcates  of  Weber's  law  rely 
ije  Terr  numerous,  but  their  value  and  trustworthiness  are  often 
much  diminished  bj  the  fact  that  most  experimenters  hare  failed 
\x>  isolate  sufficiently  the  exact  problem  which  it  was  desired  to 
solve.  Nevertheless,  the  data  show  that  the  law  summarizea  many 
facts  reasonably  toell  within  a  certain  range  of  sensations  lying  near 
Ihe  middle  of  the  scale  of  quantity.  Near  both  the  upper  and  the 
lower  limits  the  law  fails  to  prove  applicable  ;  even  in  the  regions 
md  under  the  circumstances  which  are  most  favorable  it  is  only 
approximately  true.  Many  fluctuations  of  unknown  significance 
md  origin  occur  in  all  the  senses. 

§  10.  In  determining  the  least  observable  sensations  of  touch, 
the  result  is  largely  dependent  upon  the  presence  of  muscular  sen- 
lations  also.  It  further  depends  upon  the  metho<l  in  which  the 
comparison  is  made  ;  for,  as  Weber  discovered,  an  actually  present 
sensation  can  be  compared  with  the  remembered  image  of  one  just 
past  better  than  two  present  sensations  can  be  compared.  The  in- 
terval of  time  and  the  locality  of  the  organ  have  also  a  great  influ- 
anoe.  Most  persons  observe  a  stronger  sensation  of  pressure  when 
the  weight  is  laid  on  the  left  than  when  it  is  laid  on  the  symmetri- 
cal place  of  the  right  side.  The  same  amount  of  surface  must  be 
covered,  and  the  objects  compared  must  have  the  same  temperature, 
in  order  to  secure  trustworthy  results  of  experiment.  Weber 
found  that,  when  the  interval  was  fifteen  to  thirty  seconds,  under 
the  most  favorable  circumstances,  14^  could  be  distinguished  from 
15  grammes,  or  14^  from  15  ounces.  That  is,  some  persons  can 
distinguish  weights  which  differ  as  29  :  30,  by  the  sensations  of 
pressure  they  occasion,  when  laid  on  the  volar  side  of  the  last 
phalange&  By  raising  the  weights  the  nicety  of  discrimination  can 
be  increased  so  as  to  be  represented  by  the  proportion  39  :  40. 

sation  whlcli  is  caused  by  an  increase  of  the  stimulus  =  AX     Let  (7  be  a  con- 

Btant  dependent  on  the  values  chosen  for  8  and  X  Then  a5  =  —^,  Let  it 
be  farther  assumed  that  AS  remains  oonstant  whatever  values  for  S  and  A2 

we  assumed;    then  dS  =  0 -^^  and  by   integration  ./S  =  (7  log.  2,  which   is 

Feohner's  ^'fundamental  formula.*'  But  if  the  stimulus  is  just  hdow the  least 
observable  amount,  and  be  =  2%  then  substituting  in  the  above  formula  we 
have  0  =  C7  log.  X' ;  from  which  Fechner  derives  f oi*mula  No.  2  (the  formula 

of  meaaurement),  namely,  S=-  C  log.  ^^,  which  means  that  the  magnitude  of 

the  sensation  is  **  negcUive,*^  in  case  the  stimulus  sinks  below  the  least  observ- 
able =  X,  If  two  sensations  {S  and  S)  are  observably  different,  then  8  —  S" 
=  C (log*  3  —  log-  2) ;  this  is  called  the  '* formula  of  difference,'*  and  means 
that  the  difference  in  the  intensity  of  two  sensations  is  proportional  to  the 
logarithm  of  the  quotient  of  the  magnitudes  of  their  stimuli 
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By  an  extended  series  of  experiments  with  weights  ranging  from 
800  to  3,000  grammes  Fechner  '  employed  the  method  of  ooneet 
and  mistaken  cases  to  confirm  Weber's  law  as  applied  to  combined 
sensations  of  pressure  and  of  the  muscular  sense.  Some  experi- 
ments were  made  with  both  hands ;  others  with  the  right  or  left 
separately.  The  weight  used  to  add  or  subtract  was  either  0.04  or 
0.08  of  the  absolute  weight  The  results  showed  that  the  law  held 
only  approximately  for  all  the  series  of  experiments^  and  not  abso- 
lutely for  anyone  seriea  As  calculated  by  O.  R  MtUler*  thej 
give,  instead  of  a  constant  quotient  to  express  the  deg^ree  of  sensi- 
tiveness (as  Weber's  law  requires),  a  quotient  varying  from  j^.j  for 
weights  of  300  grammes  to  ifj  for  weights  of  8,000  grammes.  Nor 
can  Fechner's  effort  to  correct  the  variation,  by  introducing  after- 
ward a  conjectural  allowance  for  the  weight  of  the  arm  itael(  be 
considered  successful*  Biedermann  and  Lowit,  by  the  method  of 
just  observable  differences,  obtained  results  departing  widely  bom 
Weber's  law.*  By  experimenting  with  weights  varying  from  10  to 
500  grammes  they  found  that  tiie  sensitiveness  to  pressure  rose 
with  the  increase  of  the  weights  from  10  to  400  grammes^  and  then 
fell  off  rapidly,  as  the  following  table  will  show : 

QooCkBtof 

«V 

A 
iV 

The  trustworthiness  of  these  results  is  impaired,  however,  by  th( 
fact  that  no  method,  except  the  doubtful  one  of  directing  "  atten- 
tion "  exclusively  to  the  sensations  of  pressure,  was  employed 
exclude  the  disturbing  effect  of  the  muscular  sensationa 
same  observers  concluded,  also,  that  the  fineness  of  the  muscula^^* 
sense,  when  isolated,  does  not  vary  according  to  Weber's  law. 
fixed  it  at  ^^  for  weights  of  250  grammes,  yf^  for  weights  of 
grammes,  -J^  for  weights  of  2,750  grammea 

That  Weber's  law  does  not  hold  good,  near  the  lower  limits, 

'  Elemente  d.  PnTchophjsik,  i.,  p.  188  f. 

*  Znr  Grundlegung  d.  Psjchoph/aik,  p.  107. 
'  In  Sachen  d.  Psjchophysik,  p.  198. 

*  Sea  Hering,  SiUgsber.  d.  Wiener  Ao«d.,LXXIL,  AUh.  UL,  |^  S4S1 


AbMlnta  weight.              Ltut  otatnrabli 

Ormmmai. 

Qnunn 

10 

a7 

50 

1.7 

100 

2.4 

200 

8.6 

800 

4.6 

400 

5.2 

450 

6.5 

500 

25.5 
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i^liniM  n(  preamira,  and  of  mascuUr  innemitioti  and  moroment, 
hialnritUKl  bj  alL  Tbu  Klj8olut4i  seiisitiveiiiiMs  of  tlitise  aenaalioua 
tmn  gntHj.  aa  bw  b«en  shown  (p.  346 1),  for  different  localities 
AJh  aar&cv  of  Uui  bodj.  Aubert  nnd  Knmmler  found  the  tigbt- 
^>ii(bl  wliidi  produced  a  neuiiatiou  of  touub  to  be  0,002  gramma 
Um  fbrebBwl,  t«mples,  and  dorsal  side  of  the  forearm  and  hands ; 
I  gnmnM  for  Ibe  volar  Bide  of  llie  fortann  ;  0.005  gramme 
*^»  Hm  DOMi,  lipa,  cbtn,  eyelids,  and  skin  of  abdomen  ;  0.00&-0.015 
IS*^axinw  for  U>e  rolar  aide  of  the  fingers ;  and  1  gramme  for  the 
^^KWDsib  and  akin  of  the  heel  This  kind  of  sensitiveness  has 
^'^■Wvi  Ifaooght  to  be  chiefly  dependent  upon  the  numl>er  of  the 
"^^w  ■iiiM  etemanta  praaent  in  the  skin,  its  thickness,  the  character 
^^^  Ml  UnaioD  ow  tba  nndeHying  parts,  et«. ;  but  its  voriatiaue  arii 
~^y  *w  mcnns  parallel  with  those  of  the  sharpuesa  of  the  aenae  of 
~^  '  "^Utj-.  Thr  foiTgoing  and  similar  conclusioDS  all  need  to  be  re- 
^^i^^xl  in  the  ti;{fat  of  (loldacJieider's  determtuationa  of  the  pre8sar&- 

9  IL  Bctranrdioarr  diffir^iiltiea  ncoomponj  the  attempt  to  applj 
^*^fcer'«  law  to  Beuaationa  of  temjreraturf.  As  has  already  been  Beoo 
*  t*~  3SO  1. 1,  wv  do  not  know  exactly  what  to  measure — whether  tlie 
***<«£  ami  falling;  u(  the  Uiennio  upjiaratua,  or  its  aetual  tempera- 
^^*^  ta  tdiatioD  to  ita  own  zero-[)oint ' — aa  constituting  the  qitaiiti- 
^***^  ebmgaa  in  tha  atimnlL  Even  Fechner  admits  that  Weber's 
^*''^'  doaa  not  apply  to  the  aeniutiveucBa  of  the  hand  to  changes  in 
t  ia  itself  cooling  off;  but  he  thinks  the  law 
Dod  appmximataly  for  degrees  of  warmth  varying  between 
I  37  5°  C.  (77^-S».6'  Falir.).  if  18.71'^  C.  (65.Cfi^  Fahr.)  be 
a  aa  tbn  sero-point  The  aaaumption  of  this  Kero-point  ia, 
•fTW,  arfaitmy.  Ko  genoral  rule  for  thu  (juantity  of  M-'naatioDB 
taapentore  eon  well  be  i^ven  except  thia  :  Ihe  dnn  u  moid 
■ftic*  to  dwtgm  tchich  lie  nnr  t/«  own  tvro-pmtU.  In  compar- 
t  tw  tampenUtirai  ft  ia  mo«t  favorable  to  nice  dianriuination 
tt  na  aboobl  lie  aligbtly  above,  the  other  aUghtly  below,  this 
hk  Iba  ilagniM  of  the  tharmomcler  betwcrn  which  Ihe  muxi- 
■■  ef  BtnaiUnueaa  is  attainabli:  are  given  difftrcutly  by  ilifler- 
fc  itmmn :  By  Notbnsgel.  ■IT'-Xi-'  C  (80.0  -91.4  Fahr.) :  by 
kismi,  96'-^'  C;  by  AMwrg,  a5''-3a^  C  ;  by  Fechucr,  12"- 
*  ft— aliaie  it  ia  ao  great  lut  not  tn  Iw  oaaily  tueaaurable  by  a 
TilniiiikBiliiil  lliaiiiiiniii  li  I  (iilii  III  {' Fahr.).  Cold  and  heat  alike, 
^^V  appUad  for  aocoe  time,  reituce  greatly  the  aenaitiveneaa  of 
^  *ku  Id  minota  eha&ge*  of  temperature ;  by  heat  it  can  bo  ao 
A  Is  diatinguiah  olU-nttioua  of  leaa  than  |^  or  ]°  Vnbt.; 
[, «»  Ovnnwiu'*  lUnilb.  d.  fbjiiul,  lU  ,  IL.ik-tsa 
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by  cold  it  can  be  rendered  insensible  to  ohanges  measuring  from 
2**  to  6i^ 

We  have  akeady  seen  (comp.  p.  348  f.)  that  the  sense  of  tempera- 
ture depends  for  its  fineness  upon  the  extent  and  locality  of  the  sur* 
face  excited.  Weber  found  that  water  at  29i^  R,  in  which  the 
whole  hand  was  immersed,  seemed  warmer  than  that  at  32^  &,  toa 
single  finger.  Nothnagel  placed  the  following  values  upon  the  fine- 
ness of  discrimination,  for  minute  variations  in  temperature,  of  dif 
ferent  parts  of  the  body :  Middle  breast,  0.6^  0.;  sides  of  the  ounB^ 
0.4^;  middle  of  the  back,  1.2°;  sides  of  the  same,  0.9°;  hollow  of  the 
hand,  0.5^-0.4^;  back  of  the  same,  0.3°;  partsof  upper  and  lower  arm, 
0.2°;  cheeks,  0.4°-0.2°;  temples,  0.4°-0.3°.  More  recent  investiga-^, 
tions  have  shown  that  the  table  of  sensitiveness  for  the  different 
of  the  body  must  take  account  of  the  division  of  the  temperai 
sense  into  two  species,  and  of  the  locality  of  the  heat-spots  an^_^^ 
cold-spots  in  aU  such  different  parts.  On  the  basis  of  experimeicr:^}^ 
with  areas  of  the  skin  whose  topography  with  respect  to  the 
perature-sense  had  previously  been  inv^tigated,  Ooldscheider 
given  a  lengthy  statement  ^  of  the  sensitiveness  of  different 
of  the  body. 

Thus  he  finds  that  the  skin  of  the  head  is,   in  general,  litfciJle 
developed  for  the  sense  of  cold,  and  only  in  a  few  places  for 
sense  of  heat     The  sensitiveness  of  the  forehead  to  cold  is  inten 
but  to  heat  only  moderate  ;  that  of  the  breast  to  cold  moders^te 
along  the  sternum,  and  elsewhere  very  intense,  while  to  heat  it»     iB 
only  moderate  except  near  the  nipples ;  that  of  the  back  eveiywh.^kine 
very  intense  to  cold,  and  only  moderate  to  heat ;  while  in  all 
of  the  hand  the  intensity  of  sensitiveness  to  both  cold  and 
is  alike. 

In  general,  the  skin  in  the  median  line  of  the  body  seems  ja'dcib 
less  sensitive  to  changes  in  temperature  than  at  its  sides ;  and  tli^ 
number  of  thermic  elements  (according  to  Ooldscheider,  the  di^* 
tributory  fibrils  of  the  temperature-nerves),  the  thickness  of  the  skixiy 
etc.,  are  determining  factors. 

§  12.  The  possibility  of  executing  or  appreciating  a  musicBl 
passage  in  which  the  intensity  of  the  successive  notes  is  broug*^^ 
to  a  certain  standard  of  memory,  or  in  which  these  notes  are  nicely 
shaded  so  as  to  constitute  a  crescendo  or  a  diminuendo,  appears  t^ 
depend  upon  applying  to  sensations  of  sound  some  law  resembHo^ 
that  of  Weber.  It  is  partly  by  comparing  such  sensations  wit^ 
their  images  in  memory  that  the  singer  or  player  reproduces  certai^ 

>  See  the  Archiv  f.  Anat.  u.  Physiol.,  Physiolog.  Abth .,  1885,  Supplemeo^' 
Band,  pp.  60  ff. 
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I  jmnoiulf  executed,  with  about  the  same  Btreaa  of  tone.' 
',  in  order  to  slinde  the  relative  intensities  of  HUccessive 
^  our  ^ipreoiiition  o(  tlielr  differences  neecia  to  ha  much  greater 
r  thorn  that  hare  a  low  degree  of  iutensitj.  Many  obatacleB, 
wtvsr.  stand  in  the  way  of  determining  either  the  lower  limit 
■«  th»  leaKt  obscrtablp  difference  for  sonBationa  of  sound.  The 
1  difficulty  which  belouga  to  investigating  the  intensity  of 
I  under  the  moat  favorable  olrouroatancea,  ia  here 
1  by  the  facts,  Utat  the  pitch  and  timbre  of  each  clang  have 
k  to  ilo  with  our  judgment  of  its  strength  ;  that  different  ean 
r  ao  widely  in  their  organic  susceptibility,  while  the  mind  ifl 
~  r  Huutivo  to  changes  of  feeling  and  judgment  connects 
■d  wiU)  ■anaations  of  wound,  and  thus  very  weak  aenaations  are 
f  and  unsteady  in  oonsciouaness,  and  sounds  appear  aud 
r  ia  tbo  ear  while  the  degree  of  stimulus  and  of  ntlcntion 
infTetl  i  that  the  n>flectiou  and  iulerreronce  of  the  acoustic 
I,  their  distance  and  direction,  and  the  abaence  or  pi'esence  of 
"  auunds,  ara  so  iulluentiul ;  and,  finally,  that  it  is  imposai- 
Qiliug  apparatus  of  definitely  aacertainable  and 
blvtiaity  of  action. 
ne  of  the  meauM  employed  for  determining  the  amount 
a  oeeeaaary  to  produce  the  weakest  senaaliona  of  aound, 
f  4a  l«aal  obaarrahle  diflerenft^s  in  such  sensntiona,  lu-e  entirely 
"  '  17.  Tha  method  of  listuuiug  to  noiaes  uimle  by  falling 
^^iSlUata  raDdernd  nacertain  by  the  fact  that  the  diameter,  both  of 
<■*  vogbt  and  of  tba  surface  on  which  il  strikea,  Iim  su  much  in- 
■"•Bo*  Uotaover,  it  is  a  matter  of  dispute  whether  ilie  inteuaity 
**  tba  rtimoloa  u  to  be  meaaurod  by  the  product  of  the  mass  into 
**■  btiybt  from  whicJi  the  body  falla  (rt  xh)  or  bito  tlie  sijoare- 
'**°i  of  that  height  {mx  y/h).  It  u  possibte  that  neither  of  thma 
^**aiB«iDeBla  is  axaeL'  AsHuming  the  former  to  he  correct  (uoua 
*  A|,  by  using  a  sound -pendulum  A.  W.  Volkntann  found  that 
.___  I  ia  intenmty  are  obw^rvablo  when  they  stnnd  in  the  pro- 
^'■ttoB  S :  4.  Vieronlt.  on  the  other  hand,  concluded  that  the  latter 
T^Mmmcnt  (aoiaa  —  m^//^)  in  more  nearly  correct;  and  by  aaaum* 
JH  Tiwordt's  Tiew,  awl  uaing  iron  balld  tluit  fell  vertically  on  a  vi- 
**tta(  plata,  NOrr  *  attempted  to  fix  a  unit  of  meamiremenL  Thin 
^■it  ha  nada  =  1,JM0  milUgnuntne-millimetres  with  the  ear  distant 
**  Mb.  fRHD  tba  aowna  of  the  aouod.     Exparimcnting  with  aouads 

'Oevp.  Moapt,  Ttafaydielcvto,  t..  p.  84St 

'(W^  Wndl,  Ph/Moft.  PkretialaKta.  L.  p.  S41  and  note  ;  and  B.  Tbetiar, 
1,  L,  lirfl  *,  p.  Ml  f. 

>,  imv,  xv.,|i>.cint. 
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ranging  in  intensity  from  those  a  little  above  the  least  obsenraUe  to 
those  of  unpleasant  strength  (L71-524167.8  times  the  unit),  and 
dividing  the  entire  scale  into  7  groups,  within  each  of  which  about 
1,000  experiments  were  conducted,  he  found  that  the  proportion  of 

right  guesses  to  the  entire  number  made  (—j  remained  approxi- 
mately constant — ^that  is,  that  Weber's  law  holds  for  sounds  of  vaiy- 
ing  intensity.  A  large  allowance,  however,  had  to  be  made  for 
relations  of  time ;  the  percentage  of  correct  guesses  being  about  6.7 
larger  when  the  sound  of  greater  intensity  followed  that  of  less 
intensity. 

More  recently,  K  Tischer  '  has  apparently  added  some  evidence 
to  the  validity  of  Weber's  law  by  experimenting  with  an  improved 
form  of  the  method  of  Yierordt  and  Norr.    Keeping  one  of  the  two 
sounds  to  be  compared  at  a  constant  intensity,  he  increased  or 
diminished  the  other  until  from  4  to  6  successive  correct  guesses 
as  to  their  relative  value  were  obtained.     But  the  fact  that^  when 
the  second  stimulus  was  diminished  until  certainty  of  judgment 
was  obtained,  very  considerable  unexplained  variations  from  the 
results  expected  by  Weber's  law  occurred  leaves  much  doubt  stiD 
hanging  over  the  matter.     In  order  to  harmonize  the  conflictiiig 
results,  the  proposal  has  been  made  to  introduce  another  functioo 
into  the  formula,  noise  =  m  A  or  mVh.     AU  the  investigations, 
therefore,  still  leave  the  question  of  the  applicability  of  Weber's 
law  to  sensations  of  sound  in  a  rather  uncertain  condition. 

Little  or  nothing  has  been  accomplished  by  experiment  to  de- 
termine whether  the  same  law  applies  to  the  intensity  of  musical 
tones.     Among  the  various  factors  which  enter  into  our  judgment 
of  the  intensity  of  tones,  the  "  color-clang  "  is  especially  iufluentjal' 
Absolute  pitch  and  intervals  of  pitch  are  also  very  important    In 
general,  tones  and  noises  of  a  higher  pitch,  with  an  equal  objectiye 
intensity  of  stimulus,  are  judged  to  be  louder  than  those  of  alowor 
pitch.     EOnig  showed  that  a  timing-fork  of  the  pitch  c  must  have 
about  four  times  the  amplitude  of  vibration  required  by  one  of  the 
pitch  (7,  in  order  to  produce  upon  the  ear  the  same  effect  from  the 
same  distance. 

§  14.  The  various  attempts  to  determine  the  loioer  limit  of  sound 
for  the  himian  ear  have  not  resulted  in  any  precise  statemoii 
Schafhiiutl,  after  experiments  in  as  near  perfect  stillness  as  possi- 
ble, at  midnight,  fixed  the  limit  at  the  noise  made  by  a  cork  ImII  of 
1  milligramme  weight  (about  0.0154  gr.)  falling  from  a  height  of  1 

>  Wundt'B  Philoeophisohe  Studien,  1883,  L,  heft  4,  pp.  495  ff. 
*Comp.  Stumpf,  Tonpeyohologie,  I.,  p.  864  f. 
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miOimetTe  (0.08937  inch).  Boltzmann  and  T5pler  have  reached 
results  which  Hensen'  considers  to  be  as  accurate  as  possible.  By 
measuring  the  compression  of  the  air  at  the  end  of  an  organ-pipe  of 
181  vibrations  per  second,  thej  calculated  that^  even  under  circum- 
stances not  as  favorable  as  possible,  the  ear  responds  with  sensation 
to  an  amplitude  in  the  vibration  of  the  molecules  of  the  air  not  more 
than  0.00004  mm.  at  the  ear,  or  about  ^  the  wave-length  of  green 
light  The  mechanical  work  done  upon  the  ear-drum  in  a  single 
vibration  of  such  small  intensity  is  reckoned  at  not  more  than  jf^ 
billionth  kilogrammetre ;  or  only  about  -^  of  that  done  upon  the 
same  surface  of  the  pupils  of  the  eye  by  a  single  candle  at  the 
same  distanoa  These  calculations  indicate  that  the  motions  in 
the  cochlea  which  excite  the  end-organs  of  sense  are  astonishingly 
minute — far  too  minute  to  be  observed  even  by  the  microscope. 
Yet  the  sharpness  of  hearing  may  be  enormously  increased  by  dis- 


§  15.  Judgments  of  the  intensity  of  sounds  are  dependent  also 
upon  practice,  and  upon  other  psycho-physical  conditions  such  as 
determine  the  nicety  of  all  judgments  of  quality.  Small  impres- 
sions of  noise  are  apt  to  have  their  intensity  underestimated  ;  the 
inclination  to  do  this  has  been  attributed  to  the  influence  of  our 
custom  of  withdrawing  attention  from  them  altogether  under  ordi- 
nary circumstances.*  The  fact  that  sounds  to  which  we  become 
accustomed  lose  most  of  their  intensity  in  consciousness  must  be 
explained  chiefly  under  the  same  law  of  mental  habit ;  it  cannot,  on 
the  other  hand,  be  largely  due  to  the  physiological  law  of  exhaus- 
tion. 

§  16.  Attention  was  early  called  to  the  law  of  judgment  in  esti- 
mating the  quantitative  relations  of  sensations  of  sight,  on  account 
of  its  connection  with  astronomical  observation.  In  the  preceding 
century  French  physicists  had  already  begun  to  investigate  the 
sensitiveness  of  the  eye  to  varying  intensities  of  light  Bouguer,  in 
answer  to  the  question.  What  force  must  a  light  have  in  order  to 
make  a  more  feeble  one  disappear?  placed  the  fraction  of  least 
observable  difference  in  the  intensities  of  two  shadows  at  ^.  That 
the  magnitudes  of  the  stars  are  not  to  be  classified  according  to 
their  absolute  brightness  as  determined  by  photometric  observa- 
tions was,  of  course,  assumed  by  Sir  John  Herschel  when  he  made 
the  latter  vary  in  the  series  1 :  i :  i  :  i^,  whUe  the  former  vary  in 
the  series  1:2:3:4  That  the  least  observable  difference  in  the 
intensity  of  two  sensations  of  sight  is  absolutely  much  smaller  for 

1  See  Hermann's  Handb.  d.  Physiol.,  IIL,  ii ,  p.  117 1 
*  So  Stompf,  Tonpsjcbologie,  I.,  p.  888. 
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those  of  the  lowest  grade  of  intensitj  is  a  tmtii  needed  to  explion 
many  every-day  experiencea  For  example,  the  finer  gradations  of 
shade  in  a  lithograph  or  photograph  are  not  lost  when  we  take  it 
from  the  open  sunlight  into  a  rather  dimly  lighted  room  ;  we  can 
also  observe  them  through  smoked  glass,  if  it  be  not  too  black. 
Through  the  same  media  we  can  measure  rather  delicate  shades  of 
brightness  on  the  clonda  We  obserre,  however,  that  in  all  such 
cases  either  too  great  or  too  weak  intensity  of  the  light  destroys 
our  power  to  distinguish  the  finest  gradations  of  its  intensify. 

§  17.  It  has  already  been  shown  (p.  326)  that  the  retina  is  never 
free  from  light  of  its  own  which  has  a  varying  intensity  ;  this  fact 
greatly  increases  the  difficulty  of  fixing  accurately  either  the  lower 
Hmit  or  the  least  observable  difference  of  visual  sensation&     In  the 
effort  to  apply  Weber's  law  to  sensations  of  color,  the  laws  of  change 
in  the  quality  operate  to  obscure  the  laws  of  change  in  the  quantify 
of  the  8en8ation&     Experiments  with  shadows  for  the  sake  of  testiiig 
Weber's  law  were  first  conducted  by  A.  W.  Yolkmann  and  others, 
under  the  direction  of  Fechner.'     By  measuring  the  distance  to 
which  a  candle  must  be  removed  from  an  object  in  order  that  the 
shadow  produced  by  its  light  might  disappear  in  that  of  another 
candle  of  like  intensity  situated  at  a  fixed  near  distance  from  the  ob- 
ject, the  quotient  for  the  least  observable  difference  was  found  to  be 
jljf.    This  quotient  was  also  found  to  remain  nearly  cotistant  for 
absolute  intensities  yary'mg  from  1  to  38.79.     If,  however,  the  light 
of  the  background  diminished  to  0.36  id  intensity,  marked  varia- 
tions in  the  law  occurred ;  the  difference  in  the  brightness  of  the  two 
shadows  had  then  to  be  greater  than  yj^  to  be  observable.     Later 
experiments  of  the  same  observer  yielded  results  less  favorable  to 
Weber's  law.*     The  quotient  was  found  to  vary  from  ^^  for  weak 
intensities  of  light  to  y|j  for  stronger  intensitiea 

By  using  rotating  disks  and  comparing  the  grayish  circles  made 
upon  them  when  revolving  rapidly,  through  the  admixture  of  small 
black  stripes  with  the  white  of  their  surfaces  (''Masson's  Disks"), 
Helmholtz  '  found  the  medium  value  of  the  quotient  of  least  obserr- 
able  difference  to  be  j\-^  ;  this  quotient  is  not  constant,  however,  and 
increases,  especially  for  sensations  near  the  upper  or  the  lower  Umii 
By  changing  the  method  somewhat,  Aubert  obtained  a  variation 
of  j^j  to  yf^  in  the  degree  of  sensitiveness  to  differences  in  the 
brightness  of  lights,  even  when  not  going  above  the  middle  of  the 
scale  of  intensity.     Experiments  with  such  intensities  as  lie  nearest 

'  See  Elemente  d.  Psjohophjaik,  p.  148  f. 

•  A.  W.  Volkmann^  Phjsiolog.  Untenuchongeo,  L,  p.  56  f. 

»  Physiologische  Optik,  p.  815  f. 
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gnttier  departures  from  Weber's  law.  Just 
an  addition  of  even  ^  to  ^  to  the  stimulus 
rr  in  order  to  produce  an  observable  difference 
Similar  results  have  been  obtained  bj 
the  wliole,  more  favorable  to  Weber  s  law  than 
the  resnlts  ol  Anbeft. 

A  more  jMjciuala  and  carefully  guarded  series  of  experiments 
than  aiiT  of  the  fovegoing  is  recently  reported  by  Dr.  Emil  Krao* 
pelin.'  Xliis  eqwrimenter  used  the  method  of  just  observable  dif* 
ferenees  as  applied  to  Masson^s  disks  when  looked  at  through  gray 
glamirn  of  Ysrjing  intensity.  The  utmost  care  seems  to  Imvo  been 
taken  to  exdode  disturbances  from  changes  in  the  adjustmont  of 
the  ere,  retinal  exhaustion,  reflection  of  liglit  from  surrounding 
objecta,  etc  Three  groups  of  experiments  were  conduottul — one 
by  daylight,  one  by  candlelight,  one  by  lampliglit.  Hoth  eyes 
were  experimented  upon  ;  and  both  directions  of  nlU^nition  in  tlio 
intensity  of  the  stimulus  (stronger  following  weaker,  nti<l  vin*  ivtmi) 
were  employed.  Kraepelin  concludes  that  for  tho  unoxlmuHUul  oyo, 
with  a  good  power  of  accommodation,  the  fraction  which  gives  the 
least  obeoraUe  difference  remains  constant,  whil<^  tlio  intouHiiy  of 
the  light  varies  between  values  of  1,000  and  9.01  of  abHohito  inten- 
sity as  fixed  for  his  experiments.  That  is,  within  thoHo  limits  tint 
law  of  Weber  holds  good  as  expressing  with  closely  approximating 
accuracy  the  results  of  experiment 

The  experiments  of  Dobrowolsky  *  and  Lamanuky '  will)  light  of 
the  different  spectral  color-tones  shows  that,  with  thoHo  HnnnationH 
also,  Webers  law  holds  approximately  good  for  nirxhTatn  iiiirnMf- 
ties,  but  is  subject  to  considerable  vnriationfl  as  wo  aj)]>rou<!li  tint 
upper  and  the  lower  limits.  Tho  foniicr  iiHod  tho  mrihod  (»f  com- 
paring a  white  surface  with  one  in  whicli  colorod  hglii  had  Ixx^n 
mixed  with  the  white.  On  changing  tho  abnohito  ini^^nHiiy  of  tlin 
light  between  values  of  1  and  0.0302,  only  a  uli^lit  vari/ition  in  tho 
quotient  indicating  the  least  observablo  diffoniuca  of  intfUNJiy  ri])- 
peared  for  the  color  red.  This  quotient  wan  foniid,  by  tlin  Hiini(< 
observer,*  however,  to  be  very  different  for  different  (!olf)r-ton(!H  :  tliim 
for  red,  -f^ ;  yellow,  ^ ;  green,  -^g  ;  blue,  ,  J  j  ;  violet,  3  J  q.  Jjanum- 
aky  and  others  have  made  the  sensitivcncHH  to  chun^v.H  in  the  inton- 
sity  of  color-tones  greatest  for  green  instead  of  violet ;  and  have  ob- 
tained other  results  different  from  those  obtained  l)y  Dr)browolHky. 

§  18.  The  minimum  of  the  intensity  of  liglit  a]>preciublo  by  the 

'  In  Wundt's  PhiloBophische  Studien,  1884,  II.,  h«;ft  2,  pp.  HiKJ  ff. 

'  Pflttger's  Archiv,  xil.,  p.  441  f. 

*  Archiv  t  Ophthalmolagie,XVII..  1.,  p.  123  f.     *  Ibid  ,  XVIII.,  I.,  p.  74  f. 
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eye  under  the  most  favorable  drcomstanoes  was  fixed  hj  Anbert  ti 
j^  of  that  reflected  from  white  paper  in  the  lig^t  of  the  full-mooii. 
l^iis  result  can  only  be  oonaidered  as  approximate.  The  indiYid- 
ual  factor  in  all  such  calculations  must  be  held  to  be  Terj  large  and 
variable  ;  especially,  perhaps,  if  we  admit  that  there  is  a  elaas  of 
so-called  *' sensitives "  to  whom  the  ends  of  an  electro^nagnet 
when  excited  appear  luminous,  as  Beichenbach's  experiments  seem 
to  show.  Weber  applied  his  own  law  to  so-called  extensive  sensa- 
tions of  sight  He  showed  that  in  judging  of  the  comparative 
length  of  lines  the  least  observable  difference  is,  for  each  person,  a 
tolerably  constant  fraction  of  the  absolute  length  of  the  line  with 
which  the  comparison  is  made.  This  fraction  is  different  for  differ- 
ent persons ;  and  has  a  range  from  -^^  to  ^ f^^.  Fechner  '  defends 
the  validity  of  the  law  for  lines  of  leng^ths  varying  between  10  and 
240  mm.  (|  to  9^  in.),  with  the  eye  removed  from  1  ft  to  800  nun. 
(12-32  in.).  The  lower  limit  for  such  cases  has  been  fixed  by  A.  W. 
Yolkmann  at  lines  of  length  from  0.2  to  3.6  mm.  It  is  obvious, 
however,  that  we  ore  here  not  dealing  with  pure  quantity  of  visual 
sensations,  but  with  judgments  of  local  relation  which,  in  case  the 
eyes  are  moved,  have  their  basis,  at  least  partly,  in  our  power  to  dis- 
criminate minute  differences  in  the  sensations  of  the  muscular  sense 
•   connected  with  such  movementa 

§  19.  The  law  of  Weber  can,  of  course,  derive  little  or  no  sop- 
port  from  sensations  of  taste  and  smelL     In  the  case  of  these  two 
senses  our  knowledge  of  both  series  of  quantities — of  the  intensity 
of  the  stimulus  and  of  the  amount  of  specific  sensation  which  re- 
sults from  its  application — is  altogether  too  inadequate  to  admit 
of  trustworthy  comparison.     We  cannot  measure  forms  of  energy 
like  those  by  which  smellable  particles  and  tastable  solutions 
on  the  end-organs  of  sense,  until  we  have  a  unit  of  measurement  an< 
some  information  as  to  what  the  object  is  to  which  the 
should  be  applied.     Nor  can  we  compare  amounts  of  sensatioiu^^K^ 
that  are  so  largely  matters  of  individual  origin  and  capricioQi    *  " 
change,  and  that  are  so  overlaid  with  other  forms  of  feeling,  as  are^^*^ 
the  sensations  of  these  sensea    Moreover,  the  element  of  time — botki^Bi 
as  respects  the  interval  elapsing  between  the  two  sensations  coi 
pared  and  also  the  order  in  which  the  sensations  follow  each  oihe.^ 
— is  here  a  very  important  influence. 

The  intensity  of  taste  depends  upon  a  variety  of  circumstan< 
besides  the  objective  quantity  of  the  stimulus.     Among  these 
cumstances  is  the  extent  of  surface  excited.     Camerer  *  found  b^ 

'  Elemente  d.  PsTohophjsik,  I  ,  p  211  f. 

'  See  Zeitochr.  t'siologie,  1870,  VI.,  p.  440 1 
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ezperimenting  witii  common  salt  in  Bolntions  of  different  degrees 
of  concentration  that  the  number  of  correct  guesses  increased  almost 
in  exact  proportion  to  the  number  of  gustatory  papillse  upon  which 
the  solutions  were  placed.  Certain  mechanical  and  thermic  con- 
ditions also  have  a  great  influence.  Substances  even  in  fluid  form, 
when  quickly  swallowed,  have  little  taste ;  pi*essing  and  rubbing 
against  the  gustatory  organs,  movement  of  the  tastable  matter  in 
the  mouth,  increase  the  excitatory  effect  of  the  stimuli.  It  is 
doubtful  whether  this  effect  is  due  solely  to  the  mechanical  result 
of  spreading  the  stimulus  over  the  surface  and  urging  it  into  the 
pores  against  the  end-organs  of  the  sense,  or  in  part  also  to  some 
direct  physiological  cause.  The  influence  of  temperature  on  the 
intensity  of  sensations  of  taste  is  well  known.  Weber  showed  that 
if  the  tongue  is  held  for  ^  to  1  minute  in  very  cold  water,  or  in  wa- 
ter of  about  125°  Fahr.,  the  sweet  taste  of  sugar  can  no  longer 
be  perceived.  Cold  also  destroys  for  a  time  the  susceptibility  to 
bitter  tastes.  Eeppler  '  endeavored  to  test  Weber's  law  by  deter- 
mining the  sensitiveness  to  minute  changes  in  the  four  principal 
kinds  of  taste  ;  and  arrived  at  a  negative  result  Fechner,  how- 
ever,  considers  that  Eeppler's  experiments  with  common  salt  confirm 
Weber*s  law,  and  that  his  other  experiments  were  not  adapted  to 
yield  any  assured  result  We  can  only  repeat  the  statement  that 
other  causes  than  mere  increase  in  the  quantity  of  the  stimulus  so 
largely  determine  the  intensity  of  the  resulting  sensations  as  to 
discredit  any  arguments  from  the  experiments  either  for  or  against 
applying  Weber's  law  to  sensations  of  taste. 

§  20.  The  experiments  of  Valentin'  and  others,  to  determine  how 
weok  solutions  of  various  substances  will  excite  the  end-organs  of 
taste,  are  chiefly  valuable  as  gratifying  our  curiosity.  The  figures 
are  not  to  be  accepted  as  exact,  but  as  showing  in  general  the  ex- 
treme fineness  of  this  sense,  and  the  great  difference  of  different 
substances  in  their  power  to  excite  it  Valentin  found,  for  exam- 
ple, that  0.24  gramme  of  a  solution  containing  1.2  per  cent,  of  cane- 
sugar  excited  the  sensation  of  sweet;  a  solution  containing  ^^^ 
part  of  common  salt  was  scarcely  detectable  ;  of  sulphuric  acid 
Yfl  JflOfl  could  be  discerned,  ymriinFiF  ^^^  J  extract  of  aloes  contain- 
ing fTfuVinr  could  be  distinguished  from  distilled  water;  -^-^^^ 
of  sulphate  of  quinine  was  plainly  observable,  and  the  observer 
thought  he  could  detect  a  slight  trace  of  bitter  when  the  solution 
was  diluted  to  m^i^^^fl  of  this  sabstance.  In  general,  a  smaller 
absolute  quantity  of  stimulus,  when  in  a  relatively  concentrated 

» Pliager's  Archiv,  1809,  ii.,  p.  449  t 

*  In  his  Lebrb.  d.  PhjgioL  d.  Mensohen,  2  ed.,  Abth.  2. 
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solution,  will  suffice  to  excite  the  end-organs  of  taste.  ^  It  will 
readily  be  seen  that  the  minimum  of  some  of  these  substances 
which  will  give  rise  to  a  sensation  under  the  most  fayorable  cir- 
cumstances is  exceedingly  small 

§  21.  The  intensity  of  sensations  of  smell  is  also  largely  depend- 
ent on  other  causes  than  changes  in  the  quantity  of  the  stimulL 
The  amount  of  sensation  appears  to  be  largely  governed  by  the 
extent  of  surface  excited  ;  since  it  is  greater  when  we  smell  with 
both  nostrils,  and  with  the  current  of  inspiration  which  carries  th< 
exciting  particles  over  more  of  the  sensitive  membrane.     No 
sured  results  on  this  point,  however,  have  yet  been  reached.    Yal-t. 
entin  supposes  that  a  smaller  number  of  odorous  particles 
excite  sensation  if  presented  in  a  concentrated  rather  than  a  dUui 
form.     When  the  intensity  of  the  stimulus  increases  beyond  a  cei 
tain  point,  the  character  of  the  resulting  sensation  changes — oftei 
times  from  a  pleasant  to  an  unpleasant  tone  of  feeling.    All 
familiar  with  the  fact  that  a  lurge  increase  of  some  smells — fi 
example,  musk— does  not  give  the  same  kind  of  sensation, 
sense  has  a  great  degree  of  "sharpness,"  or  power  to  be  excil 
by  small  quantities  of  stimulus,  as  distinguished  from  * 
or  power  to  distinguish  minute  variations  in  the  sensation&    It^     u 
undoubtedly  different  in  different  species  of  animals,  as  depend^^:x:^t 
upon  unknown  differences  in  their  psycho-physical  constituti(»:x3>  ; 
but  it  is  tolerably  uniform  among  men  where  there  is  the  sa»3CB3e 
cultivation  of  it,  and  the  same  concentration  of  attention.     I'fc      ^ 
well  known  that  certain  animals  have  an  astonishing  fineness       ^^ 
smell,  and  are  able  by  it  even  to  detect  the  individual  variatL^:>^*M 
that  are  quite  imperceptible  to  man.     Little  value  can  be  attac1::K-  ^sd 
to  the  results  reached  by  experiments  to  fix  the  least  numbe:ar     of 
smellable  substances  which  can  excite  the  human  end-organs       ^^ 
this  sense.     In  general,  we  can  say  that  incredibly  small  qua-xs. 'ti- 
tles of  some  substances  will  suffice.     Valentin  found  that  a  curr^^^ 
of  air  containing  i^injVinr  ^^  vapor  of  bromine  excited  a  strong*  "CMJU- 
pleasant  sensation.     Atmosphere  polluted  with  even  1 7  o  t  o  o  if      ^^ 
sulphuretted  hydrogen  could  be  detected.     It  was  calculated  ^J 
this  observer  that  r^n^i^yTfi;  of  a  milligramme  of  alcoholic  extract     of 
musk  is  about  as  little  as  can  be  perceived.     The  effect  of  consta^^^^ 
over-excitement  of  the  organs  of  this  sense,  in  deadening  their  se?^^" 
sibility,  is  too  well  known  to  require  illustration.     No  argumft^^* 
for  or  against  Weber's  law  can  safely  be  drawn  from  sensations  ^^^ 
smell. 

§  22.  A  review  of  the  preceding  facts  confirms  what  was  prev^" 
>  See  Camerer's  Uble  in  PflDger's  Arohiy,  iL,  p.  829. 
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ooaly  said  as  to  the  unsatisfactory  natnre  of  the  eyidence  adduced 
in  proof  of  the  principle  which  is  thought  to  control  the  quantita- 
tive relations  of  our  sensations  and  their  stimuli.  At  best,  Weber's 
law  is  only  an  approximately  correct  statement  of  what  holds  true 
of  the  relative  intensity  of  certain  sensations  of  sight  and  hearing, 
and,  less  exactly,  of  pressure  and  the  muscular  sense,  when  these 
sensations  are  of  moderate  strength,  and  other  causes  for  variations 
in  their  intensity,  besides  objective  changes  in  the  amount  of  the 
stimulus,  are  as  far  as  possible  excluded.  In  general,  it  is  true  that 
the  amount  of  matter  pressing  on  the  skin,  or  lifted  by  moving  the 
arm  or  leg,  as  well  as  the  intensity  of  the  waves  of  light  and  sound 
acting  on  eye  and  ear,  must  increase  much  more  rapidly  than  does 
the  intensify  of  the  resulting  sensations,  as  estimated  by  comparing 
them  with  each  other  in  consciousnesa  Within  certain  limits  for 
the  above-mentioned  four  kinds  of  sensation,  the  latter  scale  of 
quantities  is  ordinarily  related  to  the  former  about  as  an  arithmet- 
ical to  a  geometrical  serie&  But  other  conditions  than  mere  increase 
in  the  objective  quantity  of  the  stimulus  largely  determine  its 
effect  upon  the  resulting  amount  of  sensation.  Stimuli  and  aenaa- 
tians  are  not  connected  quantitatively  in  such  a  simple  manner  thai  we 
can  measure  one  off  in  terms  of  the  other ;  so  much  feeling  for  so 
much  amplitude  of  wave-lengths,  or  work  done  on  the  end-organs 
by  mechanical  pressure.  Numerous  factors,  some  of  which  are 
individual  and  extremely  obscure  and  variable,  constantly  mix 
with  the  purely  quantitative  relations  between  sensations  and  their 
stimuli. 

§  23.  The  value  of  Weber's  law  is  so  restricted,  even  as  stating 
a  general  fact  of  experience,  that  it  would  seem  scai'cely  necessary 
to  discuss  at  length  its  higher  significance.  Three  possible  modes 
of  explanation  have  all  had  their  defenders  ;  these  are  the  physio- 
logical, the  psycho-physical,  and  the  psychological.  The  first  of 
the  three  assumes  that  the  physical  construction  of  the  nervous 
system,  including  chiefly  the  end-organs  of  sense  and  their  central 
representatives  and  connections,  is  such  as  to  supply  the  reason 
for  this  relation  between  the  intensity  of  sensations  and  that  of 
their  stimuli  And  certainly,  if  we  were  to  make  any  assumption, 
it  would  be  that  tbe  quantitative  relation  between  the  last  ante- 
cedent molecular  changes  in  the  brain  and  the  mental  changes  to 
which  they  give  rise,  is  one  of  simple  proportion  ;  the  more  work 
done  by  means  of  the  excitation  in  the  appropriate  cerebral  centres, 
the  more  of  physical  basis  laid,  as  it  were,  for  a  resulting  quantity 
of  psychical  movement. 

If,  then,  the  sensations  vary  in  quantity  in  an  arithmetical  pro- 
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'1  }i<:  jMy-Jiolo^Nca]  <:xp]anation  of  Weber*s  law  resolves  it  into  a 
H|i(:''ifLl  rjtiUi  Mut\i:r  ih'j  ^freater  law  of  the  relatiTitv  of  our  inner 

Tornp    iiin   I'liy-hiol.   iVycholovie,  i.,  p.  351  t.,  and  ii.,  p.  S07   f . ;   ilso 
niiloiioj.lilnilii,  Stij'lii'ti,  \HK\,  11.,  htifi  1,  p.  31  f. 
*  J 11  iiroof,  Ht:i3  U\h  lUsvIbioii  d.  iiauptpancte  d.  PBjchophysik,  p.  13  f. 
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states.  It  is  not  so  much,  then,  a  law  of  the  absolute  quantity  of 
sensations  as  dependent  on  stimuli,  but  rather  a  law  of  our  ap- 
prehension in  consciousness  of  the  relation  of  our  own  feelings.  In 
general,  it  may  be  said  that  every  mental  stale  lias  its  value  de- 
termined, both  as  respects  its  quality  and  its  so-called  quantity,  by 
Us  relation  to  other  states.  It  is  the  amount  of  change  rather  than 
the  absolute  amount  of  feeling  which  the  mental  apperception  esti- 
mates. That  the  psychological  explanation  is  needed  to  account 
for  the  facts  there  can  be  no  doubt  when  we  consider  how  impor- 
tant are  the  elements  of  attention,  mental  habit,  power  of  acute 
discrimination,  etc.,  in  determining  our  estimates  of  the  quanti- 
tatiye  relations  of  our  sensation&  Estimates — that  is,  acts  of  the 
comparing  judgment,  are  iuTolved  in  the  experience  upon  which 
reliance  is  placed  for  a  demonstration  of  Weber's  law.  Further 
discussion  of  the  significance  and  extent  in  application  of  the  men- 
tal law  of  relativity  will  appear  in  other  connection&  The  subject 
of  the  quantity  of  sensation  as  a  matter  of  psycho-physical  investi- 
gation is  fitly  closed  with  the  following  quotation  from  Wundt :  * 
"In  the  imperfect  condition  of  cerebral  physiology,  we  are  not 
seldom  in  a  position  to  recognize  the  psychological  formulating  of 
certain  laws,  the  physiological  meaning  of  which  still  Ues  in  ob- 
scurity or  belongs  to  the  domain  of  hypothesia" 

1  PhyiioL  Pkyohologie,  i.,  p.  862. 


CHAPTER  VL 

THE  PRESENTATIONS  OF  SENSE. 

§  L  SsNaATioNS  are,  primarily  considered,  modes  of  our  being 
aflbcted ;  but  the  objects  of  sense  are  known  as  real  beingsi,  which 
are  assumed  to  exist  independent  of  the  affections  of  our  minds, 
and  to  have  their  inherent  qualities  disclosed  to  us  through 
operation  of  the  senses    ^'lliere  is  a  wide  interval,  however,  between^c^Di 
our  consciousness  of  being  ourselves  affected  and  the  peroeptic 
of  "  things  **  as  having  qualities  resembling  our  mental  states  or 
vealed  by  them.    This  interval  is  filled,  in  nature,  by  the  develop    ^TT* 
ment  of  mind  as  conditioned  upon  its  environment  of  sense-stimuh    ^Ki; 
it  must  be  filled  in  psychological  theory,  by  a  description  of  thfl^sj 
process  of  development     Physiological  Psychology  constructs 
theory  as  much  as  possible  on  a  basis  of  experiment  to  determin*-. 
how  the  various  steps  in  the  mental  development  are  related  to 
changes  which  the  stimuli  produce  in  the  nervous  system, 
cially,  of  course,  in  the  organs  of  sense.     Upon  this  work  of  coi 
struction  it  has  expended  its  choicest  resources  and  utmost  ingeni 
ity.    Its  efforts  are  yet  far  from  being  completely  successful 
of  the  secondary  principles,  and  even  questions  of  fact,  are  still 
settled  ;  no  theory  of  perception  that  will  account  satisfactorily  Ictt 
all  the  admitted  truths  has  hitherto  been  discovered.     Nor  is  ihis 
lack  of  complete  success  surprising,  when  we  consider  how  rapiJ 
and  complex  are  the  processes  which  combine  to  form  the  world  0/ 
sensible  objects ;  as  well  as  how  entire  is  the  loss  suffered  by  memoiy 
and  consciousness  of  those  details  which  served  as  a  basis  for  the 
earlier  and  most  significant  stages  of  the  development. 

Nor  should  we  fail  to  take  account  of  the  fact  that  the  mechan* 
ism  of  both  nervous  system  and  mind  operates  as  rendered  natire 
to  the  individual  by  his  inheriting  the  results  of  many  ages  of  an- 
cestral experience.  The  psychologist  does  not  remember  by  what 
stages  he  first  learned  to  see  or  feel  the  extended  and  external  ob-  I  ^ 
jects  of  sense.  The  child  cannot  describe  the  process  to  the  psy-  I  ^ 
chologist ;  the  child  is  fariber  from  his  own  infantUe  experience  in  |  ^ 
this  regard  than  the  philosopher  is  from  that  of  the  diild.    It  is 
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not  eyen  likely  that,  if  the  infant  were  endowed  with  the  developed 
power  of  searching  his  own  consciousness,  and  of  describing  its 
contents,  he  could  disooTer  and  impart  what  is  needed  in  order  to 
explain  the  process  of  his  own  mental  deyelopment  In  all  stages 
of  human  growth  the  analjzable  contents  of  consciousness  represent 
only  very  imperfectly  the  nature  of  the  basis  upon  which  they  rest 

§  2.  Scientific  analysis  of  the  process  of  perception  corrects  in 
many  particulars  the  so-called  "common-sense"  view.  The  convic- 
tion which  everyone  has  on  opening  the  eyes  upon  a  landscape,  for 
example,  is  undoubtedly  that  of  being  immediately  impressed  with 
a  faithful  copy  of  extra-mental  reality.  Some  of  the  objects  are  seen 
as  larger,  others  smaller,  some  in  the  foreground  near  by,  and  others 
more  remote  ;  but  all  have  that  solid,  substantial  character  which 
makes  them  things  as  distinguished  from  the  images  of  revery  or 
dreaming.  But  it  is  precisely  the  acquired  power  thus  to  construct 
the  landscape  which  psychological  science  tries  to  explain.  The  ordi- 
nary conviction  accepts  the  apparent  ^t  of  an  inmiediate  and  certain 
knowledge  of  these  things  through  the  eyes,  as  though  it  were  matter- 
of-course  and  needed  no  explanation.  We  must  begin  by  removing 
certain  assumptions  obTionaly  involved  in  the  ordinary  conviction. 

The  forms  of  being  and  happening  in  the  world,  outside  of  the 
body,  furnish  in  themselves  no  explanation  whatever  of  the  presen- 
tations of  sense.  *  This  is  as  true  of  the  colored  or  smooth  extension 
of  ail  object  as  it  is  of  its  sweet  taste  or  disagreeable  smell.  What- 
ever exists  ex/ro-mentally,  so  far  as  its  pure  existence  goes,  is  of  no 
account  to  the  mind.  It  is  only  as  so-called  "things  "  act  upon  us, 
or — in  other  words — get  themselves  expressed  within  the  mind,  by 
causing  changes  in  our  mental  states,  that  any  theory  of  knowledge 
by  the  senses  can  make  use  of  them.  Centuries  ago  the  popular 
feeling  was  framed  into  a  doctrine  that  semi-spiritualized  copies 
of  the  material  realities  enter  the  body  through  the  senses  and  meet 
the  mind  somewhere  within ;  or,  that  the  mind  itself,  passing  out 
through  the  openings  of  sense  in  semi-materialized  form,  embraces 
and  so  knows  these  realities.  The  time  for  all  similar  crude  theo- 
ries of  knowledge  by  the  senses  ought,  however,  to  have  long  gone 
by.  And  yet  fragments  or  suggestions  of  essentially  the  same 
assumptions  are  still  frequent  enough. 

What  is  true  of  all  that  exists  and  happens  outside  of  the  body 
is  just  as  true  of  all  the  bodily  conditions  and  procesHcs.  Htri(*ily 
speaking,  they  can  in  themselves  furnish  no  explanation  for  t)i(«  riMi« 
and  development  of  the  presentations  of  sense.     (My  nwntnl  ftHimn 

'  Comp.  Volkmann  von  Volkmar,  Lehrbuch  d.  PBycholoKl«.  (VitliiMi,  \HHt\ 
II.,  p.  1  t  ;  and  Lotxe,  Medioinische  Psychologie,  Leipzig,  lb52,  p.  UUn  r. 
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can  be  buiU  into  mental  products.     ThA  siinple  aexiflatioiiB  aie  in 
themselves  always  psychical  phenomena,  and  are  to  be  referred,  as 
modes  of  its  being  and  action,  to  the  subject  called  **  mind."    It  is 
only  when  considered  in  this  way  that  they  afibrd,  by  their  charao- 
teristic  qualities  and  modes  of  combination,  any  explanation  of  the 
resulting  knowledge  of  thing&     The  image  on  the  retina,  for  exam* 
pie,  is  a  necessary  physical  condition  of  the  dear  vision  of  outside 
objects  ;  it  may  also  become  an  object  for  the  inspection  of  another 
observer.     But  the  retinal  image  never  becomes  a  kind  of  inner 
object  for  one  s  own  brain  or  mind.     Nothing  in  its  constractaon, 
in  itself  considered — that  is,  as  independent  of  the  system  of  local- 
ized sensations  which  result  on  the  other  or  psychical  side  of  the 
transaction — helps  to  explain  the  act  of  vision.    What  is  true  of  the 
peripheral  is  also  true  of  the  central  organs  of  sense.     There  is  m 
image  in  the  brain  transmitted  in  exact  copy  from  the  retina  b 
the  optic  Der\'e  to  its  central  nerve-fibres  and  nerve-cells  ;  if  the: 
were  such  a  brain-image,  we  should  need  another  eye  conn 
with  a  second  brain  and  mind  to  read  it     The  mind  is  never  to 
conceived  of  as  contemplating  a  spatial  picture  of  its  object 
somewhere  within  the  cerebral  substance. 

Even  more  obvious  is  the  worthlessness,  for  purposes  of  etncWy^^^J 
psychological  analysis,  of  all  theory  as  to  the  precise  spatial  arrange- 
ment of  the  fibrils  of  sensory  nerves  within  the  skin  or 
fibre.     That  such  fibrils  exist  in  the  muscles  has  apparently  been 
monstrated  h\  Sachs  and  others  (comp.  Chap.  IV.,  g  20)  ;  the  nervon: 
impulses  occasioned  in  them,  when  conveyed  to  the  central  o] 
are  probably  one  main  physical  basis  of  those  feelings  of  innei 
tion,  of  being  in  the  body,  etc,  which  enter  as  essential  factors  inl 
the  spatial  |>crception-fiel(l  of  our  own  periphery.'     But  it  is  th_4 
muscuLir  sensalions,  as  modes  of  the  affection  of  mind,  which  pec^ 
form  this  office.     We  have  nothing  approaching  an  immediate  cog- 
nition of  the  extended  net- work  of  sensory  fibrils  in  the  skin  or 
muscles  ;  much  less  of  the  extended  muscle  or  area  of  the  dan 
No  copy  in  space-form  of  the  various  simultaneous  or  successiTV 
rubbings  and  stretchings  of  these  peripheral  fibrils  is  propagated 
to  the  brain  ;  and  if  it  were,  the  mind  could  not  be  regarded  as 
taking  account  of  any  of  these  neural  processes 

A  further  negative  statement  may  be  made  wdth  entire  confidence. 
The  phice  at  which  each  organ  of  sense  is  found  in  the  periphery  of 
the  body,  or  the  place  at  which  any  such  organ  is  acted  on  by  the 
stimulus,  cannot  of  itself  furnish  a  reason  for  the  spatial  perception 
of  such  place  and  for  distinguishing  it  from  other  places  near  or 
1  See  an  article  in  Mind,  bj  G.  Stanley  Hall,  IH.  (1878X  PP.  488  ff. 
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remote.  To  suppose  this  is  yirtually  to  return  to  an  ancient,  clis- 
aurded  theory ;  it  is  to  regard  the  mind  as  well  diffused  through 
the  extended  body,  especially  over  its  nervous  periphery ;  and  as 
thus  constantly  sensing  the  condition  of  this  periphery  with  respect 
to  excitation,  as  well  as  the  spatial  relation  of  its  various  excited 
md  non-excited  parta  The  locality  where  a  stimulus  is  applied, 
except  as  this  locality  affects  the  mental  coloring  or  qualitative 
ihading  of  the  sensations  which  result,  is  a  matter  of  complete 
indifference  to  the  mind. 

§  3.  In  contrast  to  all  theories  like  those  just  rejected,  the  fol- 
lowing positive  affirmations  are  to  be  held  firmly.  Seruntions,  ns 
bhe  elements  of  so-called  "  presentations  of  sense  '*  are  psychical 
Uates  whose  2)lace — so  for  as  they  can  be  said  to  have  one — is  the 
mind.  The  transference  of  these  sensations  from  mere  mental 
states  to  physical  processes  located  in  the  periphery  of  the  Ixxly,  or  / 

ko  qualities  of  things  projected  in  space  external  to  the  body,  is  a  J 
mental  act  It  may  rather  be  said  to  be  a  mental  achievement ;  for 
it  is  an  act  which  in  its  perfection  results  from  a  long  and  intricate 
process  of  development  The  product  of  this  act,  the  presentation 
of  sense  (or,  considered  objectively,  the  "thing"  as  known  by  the 
senses)  has  characteristics  Uiat  do  not  belong  to  the  simple  sensa- 
tions out  of  which  scientific  experiment  and  theory  show  it  to  be 
composed.  The  presentation  of  sense  has  "  space-form  ; "  it  is  ex- 
tended, and  consists  of  an  indefinite  number  of  visible  or  tangible 
parts  that  are  systematically  arranged  beside  each  other  into  a  con- 
tinuous whole  ;  it  is  related  with  respect  to  position,  magnitude, 
^U^y  to  other  similar  objects  of  sense.  Certain  compound  sensa- 
tions— as,  of  light  and  color,  of  smoothness  and  hardness— are  not 
regarded  merely  as  psychical  acts  whose  cause  lies  in  the  extended 
object ;  they  are  regarded  as  (jualUies  of  its  surface,  and  appear  to 
belong  to  it  as  forms  of  its  objective  being.  Such  a  result,  how- 
ever, must  be  regarded  as  brought  about  by  the  action  of  mind,  in 
Ebrms  and  according  to  laws  of  its  own. 

The  one  characteristic  which  the  presentations  of  sense  possess, 
but  which  does  not  belong  to  the  simple  sensations  that  ore  their 
factors,  is  space-form.  "  Space-fonn  "  (whatever  metaphysics  may 
decide  to  be  the  nature,  origin,  and  validity  of  our  idea  of  space) 
must  be  regarded  by  psychology  simply  as  the  mental  form  of  the 
presentations  of  sense.  Tlie  problem  which  physiological  psy- 
chology has  to  solve  in  this  direction  may  then  be  stated  as  follows : 
On  the  basis  of  what  combinations  of  physical  processes  of  sense  do  the 
different  resulting  sensations  come  to  be  combined  into  presentations  of 
dense  under  the  new  characteristic  of  space-form  f 
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§  4.  The  most  complete  answer  possible  to  the  qnestion  fad 
raised  is  obliged  to  recognize  the  following  particular  truths : 

(1)  A  combination  (or  "  synthesis, "  or  "  association  ")  of  two  or 
more  qualitatiTely  different  series  of  sensations  is  oidinarily — ^if  not 
absolutely — necessary  in  order  thai  ptfiaBiitstkiHB  of  senae  in  ipaee- 
fonn  may  be  constructed  If  our  aenae-peroeption  were  all  bji 
single  organ,  or  by  a  single  activity  of  one  organ,  the  objects  of 
sense  would  largely,  if  not  wholly,  lose  their  present  charactenstki 
of  position  and  extension  in  space.  A  series  of  sensations  of  one 
kind  only,  like  the  pure  differences  in  pitch  of  musical  tone,  or  of 
degrees  of  brightness  and  saturation  of  color-tone,  or  of  pressnzc, 
temperature,  or  muscular  innervation,  is  not  adapted  to  form  the 
material  for  constructing  extended  objects  of  sense. 

(2)  The  characteristic  differences  in  quality  of  the  sensations  ci 
some  of  the  senses,  and  so  their  adaptability  to  form  graded  series, 
are  such  as  to  fit  these  sensations  for  combination  with  other  omi- 
lar  sensations  into  the  presentations  of  sense  under  space>form ;  the 
sensations  of  other  senses  have  not  these  characteristic  difierenoes 
and  this  adaptability.  We  may  then  speak  of  peculiarly  ''  spatid 
series  **  of  sensations,*  and  of  other  series  of  sensations  as  ood- 
spatial.  By  this  term,  however,  it  must  not  be  understood  that 
any  sensations,  as  such  (or  quoad  sensations),  are  extended  in  space, 
or  can  come  by  any  process  of  theoretical  manipulation  to  be  en- 
dowed with  extension. 

The  sensations  of  smell  are  manifestly  not  fitted  to  form  a  so-called 
spatial  scries ;  indeed,  they  ore  incapable  of  being  arranged  in  anj 
series  at  all.  An  experience  consisting  wholly  of  sensations  d 
smell  would  have  no  elements  from  which  to  construct  objecU  ot 
sense.  The  same  thing  is  true  of  pure  sensations  of  taste  and  of 
sound.  On  the  coutrar}%  the  various  series  of  complex  sensatioDS 
tliat  come  tlu'ough  the  eye  and  skin  (including  those  of  the  mna^ 
cular  sense)  are  qualitatively  adapted  to  enter  into  such  relations  to 
each  other  oh  sliiill  give  a  ground  in  their  combined  existence  lor 
a  perception  of  things.  Accordingly  the  eye  and  akin  are  the  so- 
called  **  geometrical  senses.'' 

(3)  The  locally  different  parts  of  the  organ  of  sense— if  tbia 
organ  is  itself  to  become  known  (as  in  the  case  of  the  skin),  or  if 
through  its  being  stimulated  at  these  parts  an  extended  object  out- 
side of  the  body  is  to  be  perceived  (as  in  the  case  of  both  akin  and 

'  Comp.   Volkmaim  von  Volkmar,  Lehrb.  d.  Payohologie,   IL,  pfw  36  fL; 
whose  very  iuterestiiig  theory  of  the  origin  of  space-intaitions  om,  bov- 
ever,  no  more  be  pronounced  wholly  satiafactory  than  the  similar  thaoiy  it' 
Bain. 
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eye) — most  each  haye  some  mental  representatiYe  in  the  sensationB 
which  stimulation  of  each  calls  forth.  As  places  in  material  sub- 
stance, or  as  parts  of  the  organism,  in  themselres,  they  haye  no  im- 
mediate significance  for  the  mind.  But  a  psychological  equivalent 
or  representatiYe  they  must  hava  To  this  principle  is  due  the  fact 
that  those  senses  are  not  "  geometrical  senses  "  in  which  we  cannot 
vary,  largely  at  pleasure,  the  locality  to  which  the  stimulus  is  ap- 
plied. It  is  therefore  assumed  that  every  sensation,  besides  its 
general  characteristic  quality  as  sensation  of  this  or  that  particular 
sense,  must  have  a  peculiar  "  local  stamp,"  or  shade,  or  mixture  of 
quality,  dependent  upon  the  place  of  the  organ  at  which  the  stimu- 
lus is  applied  ;  otherwise  such  sensation  cannot  serve  as  a  factor 
in  the  construction  of  an  extended  object  of  sense.  Such  peculiar 
local  stamp,  or  shade,  or  mixture  of  quality  is  a  so-called  ''  local 
sign."  It  is  to  Lotze  that  we  owe  the  first  elaborate  theory  of 
"  local  signs,"  and  of  their  relation  to  the  formation  of  the  presen- 
tations of  sense.  The  theory,  as  he  truly  says,  is  an  indispensable 
assumption  of  every  satisfactory  account  of  perception  by  the  senses.' 
In  what,  precisely,  these  so-called  local  signs  consist  has  been  dis- 
puted by  those  who  agree  in  holding  that  the  explanation  of  the 
fads  requires  the  assumption. 

(4)  Various  stages  in  the  process  of  elaborating  the  presenta- 
tions of  sense  from  the  material  of  simple  sensations  must  be  recog- 
nized. Thus  the  construction  of  a  retinal  field  of  vision  is  a  less 
elaborate  work,  both  of  the  mechanism  and  of  the  mind,  than  the 
construction  of  that  more  objective  field  in  which  real  things  are 
seen  vrith  solid  forms  and  set  at  varying  distances.  So,  too,  the 
knowledge  of  the  things  we  handle — the  fork,  the  tool,  the  pen — 
stands  at  a  farther  remove  from  the  simplest  perceptions  of  touch 
than  does  the  discrimination  of  one  area  at  the  surface  of  the  body 
as  warmer  or  under  more  pressure  than  the  surrounding  spots. 
Two  noteworthy  stages,  or  "  epoch-making  "  achievements,  in  the 
process  of  elaborating  the  presentations  of  sense  require  a  special 
consideration.  These  are  "  localization,'*  or  the  transference  of  the 
composite  sensations  from  mere  states  of  the  mind  to  processes 
or  conditions  recognized  as  taking  place  at  more  or  less  definite- 
ly fixed  points  or  areas  of  the  body  ;  and  "  eccentric  projection  " 
(sometimes  called  **  eccentric  perception  "),  or  the  giving  to  these 
sensations  an  objective  existence  (in  the  fullest  sense  of  the  word 
"  objective  ")  as  qualities  of  objects  situated  within  a  field  of  space 
ind  in  contact  with,  or  more  or  less  remotely  distant  from,  the 
bocfy.     The  law  of  eccentric  projection  is  generally  stated  thus : 

1  JMUdn.  Fludholpgtot  p.  381. 
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Objects  are  perceived  in  space  as  situated  in  a  right  line  off  the 
ends  of  the  nerve-fibres  which  they  irritate. 

(5)  The  entire  process  of  ehiboratiug  the  presentations  of  sense 
presupposes  for  its  explanation  a  constant  actirity  of  the  mind  in 
reacting,  with  sensations  of  different  kinds,  upon  the  stimuli  which 
produce  various  forms  of  molecular  disturbance  in  the  nervous 
system  ;  and,  furthermore,  its  actirity  in  combining  the  sensations 
into  the  more  complex  presentations  of  sense,  according  to  modes 
of  beharior  that  belong  to  its  own  nature,  as  mind.  This  combin- 
ing activity  is  l>e8t  called  "  sipitheticy**  *  or  constructive.  It  may,  in- 
deed, always  luive  a  physical  basis  in  some  central  organic  combi- 
nation of  the  neural  processes  resulting  from  stimulating,  simul- 
taneously or  in  the  right  succession,  the  different  end-organs  and 
areas  of  the  end-organs  of  sense.  About  this,  as  a  matter  of  scien- 
tiiic  knowledge,  we  are  almost  wholly  in  the  dark.  On  grenenl 
grounds  of  our  theory-  of  the  nervous  mechanism  we  conjecture 
that  it  is  so.  But  if  this  organic  combination  takes  place  in  each 
instance  as  a  physical  basis  for  the  psychical  synthesis,  the  former 
does  not  do  away  with  the  latter.  Obscure  as  the  latter  is,  and 
doubtful  as  sonio  of  its  elements  and  stages  are,  the  former  is  more 
doubtful  and  obsw-'ure.* 

Nor  is  the  fact  that  this  synthetic  actirity  takes  place  to  be  con- 
cealed by  ascribing  the  product  to  the  so-called  "  aasociatioii  '*  of 
sense-impressions  and  of  ideas.  Ideas  and  sensations  are  not  enti- 
ties or  real  subjects  of  states ;  they  are  only  particular  phenomena. 
They  cannot  associate  themselves ;  nor  are  they  things  which  may 
))e  combinod,  after  the  analogy  of  material  atoms,  by  the  action 
ii|>on  them  of  nouriil  conditions  The  term  "  association,'*  as  a] 
plied  in  all  theories  of  sense-perception,  is  only  an  inadequate  ex- 
prossion  for  this  same  synthetic  actirity  of  the  mind. 

g  5.  It  f(jllo\vs,  then,  that  an  analyms  of  the  presentations  of 
h'udu  V  A  to  find  our  explanation  of  certain  primary  facts  and  resu^ 
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>  Till'  word  *'  syiithrsis"  for  thia  menUl  activity  is  employed  and  defend 
l»y  Wuiult  (Phvsioldg.  ppvcholopie,  ii..  pp.  28  f.,  1<>4  f.,  177),  who  justly  (^ 
jcrts  to  tho  wDFtl  *'  Hssociatiuii  **  and  the  theories  which  have  nsed  the  w 
1»r-futisi'  of  th«'ir  roiircaliiiviit  of  the  tratli  that  the  process  imparts  n^ir  prop^i^  a 
ti*-H  to  its  jipMliirt.     He  aLxocalls  attention  (p.  175)  to  the  fact  that  John  6tQa»/f 
Mill,  a  cliirf  <lefi-niler  of  the  **  association  hypothesis.**  virtually  admits  tJie 
tlitory  of  a  mental  syiitliesis  by  using  the  term  *'  paychical  chemistry.'* 

•  Yet  E.   iMontL'oiiury,  in  Mind,  1885,  pp.  827  ff.  and  377  ff.,  speaks  if 
tliough  the  indiibital-le  and  clearly  understood  portion  of  the  whole  psycK^ 
jihysieal  pr(»c«'ss  wen*  th*^  neural  and  organic  part ;  and  as  though  ft  wen 
ilou)>tf  111  whether  we  have  any  right  at  all  to  refer  the  nature  of  the  prodiflk 
to  the  nature  of  the  bubject  whose  product  it  iB — namely,  to  mind. 
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in  the  nature  <fthe  3Iind  Useff,  Physiological  psychology  can  do 
much  toward  giving  a  descriptiTo  history  of  the  process  in  which 
these  complex  products  have  their  rise.  It  can  point  out  the  ele- 
ments which  enter  into  the  products— both  the  more  primary  and 
the  derived — and  can  state  the  laws  which  regulate  the  procesa 
But  the  forth-putting  of  these  primary  elements,  and  the  modes  of 
the  activity  which  are  called  the  \a\vH  of  the  process,  must  all  in  the 
last  analysis  be  thought  of  as  natii-e  to  mind.  It  is  in  vain  to  object 
that  to  do  this  leaves  the  subject,  ultimately,  still  shrouded  in  mys- 
tery.' As  a  matter  of  fact^  the  analysis  of  psycho-physical  science  \ 
does  end  in  the  recognition  of  ultimate  mystery.  This  is  no  reproach 
to  it ;  nor  is  it  a  failure  or  fault  |)eculiar  to  it  alone.  All  physical 
■cience,  even,  is  obliged  to  accept  the  same  result  from  its  keenest 
analyses  most  vigorously  puslie<l.  For  physical  science  always  has 
to  admit  into  its  explanations  the  unexplained  mystery  of  elements 
of  physical  reaUty  which  behave  in  certain  ways — not  simply  be- 
cause they  are  thus  or  thus  circumstanced,  but  also  because  when 
they  are  thus  circumstanceil  it  is  their  nature  so  to  behave.* 

§  6.  The  foregoing  remarks  indicate  what  is  the  correct  {xmition 
toward  the  two  rival  theories  as  to  the  nature  and  origin  of  presen- 
tations of  sense.  These  theories  have  been  named  the  '*nativistic" 
(or  intuitional)  and  the  "  empiristic  "  by  Helmholtz,'  the  ''  nativis- 
tic  "  and  "  genetic  "  by  Wundt.*  Properly  si)eaking,  they  are  not 
two  fundamentally  different  theories,  but  rather  two  tendencies 
which  appear  in  the  attitude  assumed  b}'  two  classes  of  observers 
toward  the  admission  of  certain  alleged  facts,  or  in  the  manner  of 
explaining  such  facts  as  are  admitted  by  all.  These  different  ten- 
dencies are  largely  due  to  differences  of  ^xiHition  on  certain  funda- 
mental philosophical  questions,  cs|Kfciiilly  the  (|uestion  as  to  the 
reality  and  self-activity  of  Mind,  which  (however  much  Uie  effort  is 
made  to  avoid  them)  inevitably  have  their  l>earing  uix)n  the  re- 
searches of  physiological  psychology.  Thus  influenced,  the  so- 
called  "Nativistic  School"  is  inclined  to  depreciate  the  explanations 

*  SnUy  thinkfi  it  an  objection  to  Wiiiidt*s  view^  that  it  ^*burd<;ns  uh  witli  the 
mjBtery  of  what  may  be  calleil  a  ]»»:>' cliicul  form  of  s]>ontani.*(>uri  generation  " 
{8«*e  Mind,  1878,  p.  192).  But  it  is  one  chivi  merit  of  Wiindt  that  lie  frankly 
acknowledges  the  mystery  and  knowH  whoro  to  locate  it.  Doubthrss  he  would 
rejoice  with  us  all,  if  Sully,  or  any  other  investigator,  could  pu^h  analysis 
farther. 

*  In  tho  article  just  referred  to  (Mind,  1H7H,  p.  184)  Sully  s]K'aks  of  Lotzo 
as  **  burdened  with  survivals  of  Herbart's  nn'tai)hysirs. "  We  fail  to  see  why 
any  recognition  of  the  reality  and  self-artivity  of  mind  should  be  considered 
as  sach  a  **bHr(len**  by  certain  English  jisyehol ovists. 

*  Physiolog  Optik,  p.  435.  *  I'hysiolog.  Psychologic,  li.,  p.  23. 
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<^red  by  the  other  school  as  to  how  and  why  the  presentatioiiB  otf 
sense  come  to  have  the  character  they  really  bear ;  the  advocates  of 
this  school  prefer  to  emphasize  the  intuitional  and  underired  activ* 
ities  of  the  mind. 

The  so-called  ''Empiristic  School,''  on  the  other  hand,  is  inclined 
to  give  little  or  no  place  to  the  mind's  native  intuition  ;  it  prefers 
to  fill  the  gaps  in  the  explanation  as  based  on  experiment,  with 
probable  conjecture  and  hypothesis.    It  often  aims  to  show  how 
what  we  call  "  mind,"  and  popularly  look  upon  as  immediately  con- 
scious of  the  reality  of  things  by  virtue  of  its  native  right  and  power, 
is  itself  rather  the  result  of  a  genesis  induced  by  the  activity  of 
things  through  the  nervous  system.     The  one  school  is  inclined  to 
look  upon  the  space-form,  which  presentations  of  sense  possess,  as 
the  mind's  form,  in  some  large  sense  naiive  to  it  and  not  to  be  ex- 
plained as  the  result  of  a  development  The  other  is  inclined  to  look 
upon  space-form  as  wholly  a  form  which  "  things  "  have  come  to  ac- 
quire, and  which  will  be  fully  explained  when  science  has  described 
the  empirical  process  by  which  solely  this  acquisiticm  is  gained  fen* 
them.     Inasmuch  as  the  chief  difficulties  of  a  theory  of  perception 
have  hitherto  been  found  in  accounting  for  the  construction  of  visud    ' 
space,  the  one  party  in  the  controversy  has  insisted,  as  a  rule,  on  ^ 
the  native  power  of  the  mind  in  and  through  the  retinal  image  di — 
rectly  to  intuit  space  of  two,  or  even  of  three,  dimensions ;  the  others 
has  denied  this  power,  and  has  laid  great  stress  upon  the  neceasil 
of  motion,  with  its  equipment  of  double  images  and  of  graded 
cular  and  tactual  sensations 

§  7.  Certain  principles  adopted  both  by  the  empiristic  and  by  tli»»^ 
nativistic  school  have  their  undoubted  rights  ;  and  no  8atisfactor"~ 
theory  of  sense-perception  can  be  framed  without  admitting  th< 
There  can  be  no  doubt  that  the  presentations  of  sense  which 
largely  constitute  our  every-day  adult  experience  are  not  direct 
suits  of  untrained  organic  and  mental  activities ;  they  are  not 
pie  intuitions  dependent  solely  on  the  native  and  inherent  poweani 
of  the  mind.  With  whatever  speed  and  certainty  they  are  former^ 
and  however  the  impression  they  make  is  characterized  by  a  perfecf 
"  immediateness,"  they  are  really  extremely  complex  products,  in- 
volving not  only  the  organic  habit  of  the  ^>ecies  and  individual 
peculiarities  of  mind  and  body,  but  also  the  acquisitions  of  experi- 
ence through  memory,  attention,  association,  and  so-called  "inst^n^ 
tive  inference."  All  this  is  as  true  of  the  picture  of  a  single  object 
when  seen  by  instantaneous  illumination,  or  of  the  unhesitating  lo- 
calization of  a  burning  or  cutting  pain  in  some  area  of  the  skin,  aiit 
is  of  the  most  deliberate  judgment  about  the  distance  of  a  moontaia. 
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On  the  other  hand,  howeTer  far  the  *'  empiricisl "  may  succeed 
in  resoMng  these  "  intuitions "  of  sense  into  more  nearly  prim- 
itiye  elements,  and  however  minutely  he  may  describe  the  processes 
and  laws  of  their  development^  he  will  never  succeed  in  withholding 
from  the  mind  itself  the  ascription  of  all  its  so-called  native  powers. 
The  elements  (the  simple  sensations)  reached  by  his  most  complete 
analysis  must  always  be  considered  as  reactions  of  the  mind  upon 
the  stimulation  of  the  nervous  centres  through  the  end-organs  of 
sense  ;  they  all  imply  a  naiive  disposition  and  ability  of  the  subject 
of  the  sensationa  The  nature  of  the  process  in  which  what  is  sim- 
ple and  homogeneous  becomes  complex  and  heterogeneous,  and  ac- 
quires the  added  characteristics  of  so-called  space-form,  can  never 
be  regarded  otherwise  than  as  due  to  the  constructive  and  synthetic 
action  of  the  mind.  And  both  theories  must  alike  admit  that  the 
nature  of  the  elements  and  of  the  synthetic  process  is  conditioned 
at  every  step  upon  the  action  of  the  central  nervous  mechanism  as 
sensitive  and  excited  through  stimulation  of  the  end-organs  of 
sense. 

The  only  satisfactory  course  in  considering  this  subject  of  per- 
ception by  the  senses  is,  therefore,  perfectly  obvious.     The  differ- 
ent simple  sensations  which  enter  as  elements  into  the  presentations  ; 
of  sense,  the  method  and  laws  of  their  combination,  the  correlations  \ 
of  mind  and  nervous  mechanism  involved  in  the  process,  must  all    j 
be  pointed  out  as  fully  as  the  present  condition  of  psycho-physical  ^ 
science  will  admit     But  the  existence  of  unexpl^ned  mysteries, 
the  fact  that  original  and  underived  activities  of  the  mind  are 
necessarily  assumed,  the  truth  that  the  entire  complex  process  is 
to  be  ascribed — however  occasioned  or  conditioned — to  the  mind, 
must  also  be  admitted.     Especially  must  we  avoid  all  attempts, 
whether  avowed  or  concealed,  to  account  for  the  spatial  qualities  of 
the  presentations  of  sense  by  merely  describing  the  qualities  of 
the  simple  sensations  and  the  modes  of  their  combination.     It  is 
position  and  extension  in  space  which  constitutes  the  very  pecu- 
liarity of  the  objects  as  no  longer  mere  sensations  or  affections  of 
the  mind.     As  sensations,  they  are  neither  out  of  ourselves  nor\ 
possessed  of  the  qualities  indicated  by  the  word  "  spread-out,*'    As  ^ 
objects  of  sense,  they  are  both  out  and  '*  spread-out."    No  manip- 
ulation of  their  mental  qualities  and  values  can  fully  explain  how  it 
is  that  when  combined  they  acquire  the  new  peculiarity  of  their 
space-form.     If  it  should  be  found  that  any  system  of  simple  sen- 
sations is  probably  originally  given  as  localized,  it  would  be  neces- 
sary to  acknowledge  this,  too,  as  an  inexplicable  matter  of  fact 
Science  cannot  explain,  from  previous  experience,  an  event  in  ex- 
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perieuce  which  is  so  fundamental  as  this.  Such  an  event  consti- 
tutes on  uudolrable  datum  of  nature,  so  to  speak.  And  if  the  fur- 
ther question  be  auked,  Of  the  nature  of  what  ?  the  only  possible 
answer  must  be,  Of  the  nature  of  the  subject  of  the  experience,  of 
the  Mind. 

§  8.  Before  proceeding  to  illustrate  and  confirm  in  detail  the 
five  principles  already  laid  down,  several  questions  raised  by  the 
mere  statement  of  these  principles  require  an  answer.  And  first : 
What  are  those  characteristic  diffiBrences  in  quality  which  the  sen- 
sations belouf^ug  to  some  of  the  senses  possess,  and  which  adapts 
them  to  combine  into  presentations  of  sense  under  space-form  ? 
In  other  words,  what  kinds  of  sensations  are  fitted  to  constitute  a 
so-called  *'  ifixilial  aterics  f  **  Plainly,  it  is  not  necessary  that  those 
elements  of  the  complex  objects  of  sense,  which  make  the  objects 
appear  to  be  composed  of  parts  set  together  side  by  side,  should  j. 

themselves  be  immediately  known  as  side  by  side.     The  mosaic  of  *7 

nervous  elements  (rods  and  cones)  set  side  by  side  in  the  ninth  m, 

layer  of  the  retina  is  a  physical  pre-condition  of  the  extended  visual  Ml 

object  which  the  mind  has  when  the  retina  is  excited.  According  -^ 
as  the  irritation  spreads  over  this  mosaic  the  extent  and  shape  of  "2  •[ 
the  object  are  determined.  But  the  extension  of  the  object  is  not  .^*t 
a  copy  of  the  extension  of  the  retinal  nerve-expanse  with  its  minute 
parts  set  side  by  side.  For  example,  the  object  under  ordinary 
circumstances  has  no  gap  corresponding  to  the  blind-spot ;  and 
the  nervous  elements,  on  whose  excitement  the  appearance  of  the  ^=»  .e 
extended  object  depends,  belong  to  the  retinas  of  two  eyes,  and 
are  therefore  not  side  by  side  at  the  periphery ;  nor  do  histoU 
and  pbysiolor^ry  warrant  us  in  assuming  that  the  elements  in  th< 
brain  corresponding  to  the  retinal  elements  are  set  exactly  side  bj 
side  there.  ^lorcover,  the  different  parts  of  the  object  appear  sid< 
by  side  as  tlie  result  of  motion  of  both  eyes  with  its  resulting  mi 
cuhir  and  tactual  sensations.  Tlie  nervous  elements  whose  ii 
tioii  inducers  these  latter  sensations  are  not  locally  contiguous  tc 
the  elements  of  tlic  retina  whose  excitation  proilucesthe  sensation  — 
of  li*?ht  and  color  :  vet  the  iico  kinds  of  sensations  combine 
form  nw  t\rtifntt*'tl  nhjtft'f. 

In  brief,  wo  have  no  reason  to  assume  that  any  two  kinds  of 
sat  ions  reiiuirc,  in  order  to  combine  into  one  object,  that  the  excited 
nervous  elements  which  form  the  physical  bases  of  them  both 
should  be  s('t  precisely  siile  by  side  in  the  brain.     If  they  were— 
we  may  ask — what  ^^ood  would  it  do?  if  they  were  not,  what  harm! 
Let  the  locally  ditlcrent  sensation-elements  of  the  light-and-eokr 
series  be  reprebcuted  by  a,  6,  c,  </,  etc. ;  and  those  of  the  mnacnlat 


REPETITION  OF  LIKE  SENSATIONS.  393 

and  tactual  series  by  a,  /3,  y,  8,  etc.  How  shall  we  arrange  the  two 
series  so  as  to  form  within  the  brain  a  physical  basis  for  one  object 
with  its  parts  all  set  in  visible  spatial  order  ?  Shall  this  be  accom- 
plished by  interpolating  one  of  the  latter  series  between  every  ad- 
joining pair  of  the  former  series — thus  a,  a;  h,p\  c,y;  eta  ?  What 
is  really  necessary  is  that  both  series  of  sensations,  if  they  are  to  be 
combined  into  one  presentation  of  sense,  shall  be  capable  of  clearly 
and  reciprocally  determining  each  other  as  series  of  sensations. 
They  must  both  have,  that  is  to  say,  the  common  qualities  and 
mutual  relations  of  a  '*  spatial  series/' ' 

§  9.  Of  the  quaUties  which  characterize  ftpatial  series  the  following 
are  the  most  important :  Series  of  sensations  of  like  qualify,  which 
are  adapted  to  combine  into  extended  objects  of  sense ,  miuU  admit  of 
easy,  rapid,  and  frequent  repetition  in  varying  order  of  arrange- 
ment. An  order  of  sensations  in  time,  however  varied  and  fre- 
quently repeated,  can  never  of  itself  account  for  an  order  of  parte 
in  on  extended  object  set  side  by  side  in  space.  But  the  character 
of  the  ordering  possible  for  the  simple  sensations  does  determine 
whether  or  not  they  can  become  elements  of  such  an  object.  If  a 
portion  of  the  body  be  moved,  as,  for  example,  a  finger,  an  arm,  a 
leg,  or  the  bending  of  the  back — a  graded  series  of  sensations,  due 
to  the  varying  quality  and  quantity  of  strain  upon  the  different 
muscles,  joints,  etc.,  is  the  result.  This  series  is  composed  of  indi- 
vidual compound  sensations  that  shade  into  each  other  with  no 
Apparent  interruption,  each  of  them  having  a  certain  value  and 
position  in  consciousness.  In  adult  experience  tlic  series  is  rapidly 
concluded,  and  instantaneously  interpreted  as  a  whole.  The  indi- 
ridual  members  of  the  series  are  then  scarcely,  or  not  at  all,  distin- 
piished  in  consciousness ;  that  is,  as  sensatnms,  many  of  them  largely 
>r  wholly  drop  out  But  they  may  be  ^produced  in  a  measure  by 
Jowly  moving  a  limb  in  any  direction,  and  endeavoring  to  pay  strict 
ind  exclusive  attention  to  the  succession  of  feelings  which  results. 
Sv:ery  motion  of  each  limb,  from  about  the  sjime  position  a  to  alx>ut 
lie  same  position  m,  relative  to  the  whole  body,  with  similar  energy, 
ipeed,  and  other  concomitant  circumstances,  yields  a  nearly  ideu- 
ical  series  of  sensations  (a,  /3,  y,  .  .  .  fx).  Other  motions  of  dif- 
'erent  limbs,  or  differing  otherwise  (in  energy,  speed,  point  of  st'irt- 
ng  or  of  conclusion,  etc.),  yield  series  diffcnnj^  in  the  value  and  or- 
lering  of  their  indiriduol  members.  What  is  true  of  the  muscular 
lenaations  that  result  from  the  movement  of  the  limbs  is  also  true 
of  the  accompanying  sensations  of  the  skiu,  such  as  arise  from 

*  On  this  subject  comp.  the  remarks  of  Volkmanu  vou  Volkmar,  Lelirb.  d. 
Pkyehologie,  II.,  pp.  36  if. 
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changes  in  its  tension,  etc.     These  sensations,  howerer,  laigeZ"'^} 
blend  with  the  series  of  muscular  sensations  so  as  to  be  nearly  ^     ot 
quite  inseparable  in  consciousnesa    The  same  thing  also  hoW^^ds 
good  of  the  series  of  tactual  sensations  (sensations  of  light  ipreaBaj^zzMaQ 
or  touch  proper)  developed  by  moving  an  object  over  the  skin,  ,  Qg 

by  moving  a  tactile  organ  (especially  the  hand)  over  an  object  ^  ^ 
rest  The  muscular  and  tactual  sensations  which  result  from  n^c^oo. 
tion  of  the  eye  have  the  qualities  of  a  graded  spatial  series. 

Accordingly,  senses  like  those  of  the  eye  and  hand,  which  ^*^  ^mi^ 
organs  capable  of  rapid  and  precise  motion,  are  equipped  wiL^^{} . 
peripheral  mechanism  adapted  to  the  production  of  so-called  i^^^|q^ 
tial  series  of  sensationa     The  succession  of  sensations  of  light  =-  --^j 
color  which  accompany  the  movement  of  an  object  in  the  fiel<5 — ^  ^ 
vision,  or  of  the  glance  from  one  object  to  another,  are  also  of       ^^ 
kind  favorable  to  forming  a  spatial  series.     Slight  changes  of  oc^or- 
tone  and  brightness,  as  the  different  parts  of  the  surface  of    the 
same  object  come  successively  in  review,  or  more  abrupt  chaaiges 
on  transition  from  one  object  to  another,  characterize  the  ettect  €ii 
such  movement    In  all  these  cases  the  rate  of  the  sensations  i^ 
important     Either  too  slow  or  too  rapid  movement  of  the  oi 
will  not  yield  a  spatial  series  of  sensationa     Moreover,  such  86ii< 
are  capable  of  repetition,  not  only  forward,  as  a,  jS,  y,  2^    . 
or  in  inverse  order,  as  /«,  A,  k,    .     .     .     )S,  a,  but  also  in  an  endl( 
variety  as  an  intersecting  net-work  of  sensations. 

§  10.  It  bos  been  claimed  that  all  the  foregoing  qualificatioi 
belong  to  musical  tones,  and  yet  hearing  is  not  a  "geometric^^^^ 
sense."    In  reply,  it  must  be  admitted  that  the  foregoing  are  nc^>^ 
the  odIj'  qualifications  possessed  by  sensations  of  spatial  series- 
Yet  iu  regard  to  these  qualifications  alone,  the  sensations  of  h( 
ing  bear  no  comparison  with  those  of  the  eye,  skin,  and  mi 
Few  persons  have  more  than  a  very  imperfect  and  infrequent  exp^"^^^^ 
rience  with  series  of  musical  tonea     Such  series,  when  arising  L^ 
consciousness,  ordinarily  have  little  variety,  and  are  rarely  or  never^"^? 
repeated  iu  changed  order  ot  arrangement  with  a  recognized  quaL^^-^^^* 
tative  value  to  the  members  of  the  different  seriea     Few  persoi^'^IJ 
have  heard  frequently  more  than  half  a  score  of  tunes  ;  fewer  stt— ^ 
have  had  any  considerable  number  of  the  notes  composing  ti#-^*^^ 
strains  of  these  tunes  repeated  in  recognizably  inverted  or  othe^^^*  ^^' 
wise  varied  order.     Most  of  our  experience  with  sounds  is  that  ^^ 

sudden  shocks  of  noise  which  occur  to  interrupt  the  continuo^^^^ 
flow,  as  it  were,  of  sensations  of  the  eye,  muscle,  and  skin. 

In  close  connection  with  the  foregoing  stands  also  the  fact  tt^^^ 
the  eai"  is  not,  like  the  eye  and  the  hand,  a  movable  organ  ;  nor'  ^ 
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the  irritation  which  its  nervous  elements  experienoe  graded  accord- 
ing to  ihe  varying  extent  of  the  surface  affected,  except  as  the  noise 
becomes  so  loud  or  acute  as  to  occasion  decided  forms  of  muscular 
sensation  and  of  common  feeling.  Compared  with  the  almost  un* 
ceasing  call  nmde  for  attention  to  sensations  of  sight  and  touch,  the 
experience  of  men  with  sensations  of  musical  sound  (the  only  sen- 
sations of  hearing  which  easUy  admit  of  being  arranged  in  any  sort 
of  a  graded  series)  seems  meagre  and  trivial  indeed.  Music  is, 
therefore,  of  the  nature  of  an  indirect  recreative  and  aesthetic  ac- 
quaintance with  things,  rather  than  of  a  necessary  direct  and  practi- 
cal acquaintance  with  them. 

§  11.  The  second  class  of  qualifications  which  must  be  possessed 
by  a  spatial  series  of  sensations  secures  their  habitual  combination 
with  other  series,  also  of  a  spatial  kind.  They  must  be  in  nature 
comparable  and  amociabie  with  each  other,  and,  in  fact,  simultane- 
ously experienced  by  the  mind.  In  singing  a  musical  scale  a  series 
of  sounds  is  accompanied  by  another  series  of  muscular  and  tactual 
sensations  occasioned  by  the  use  of  the  vocal  organs ;  both  series 
may  be  produced  in  inverse  order  by  singing  the  same  scale  back- 
ward.' Yet  these  two  simultaneous  series  of  qualitatively  differ- 
ent sensations  do  not  combine  into  a  succession  of  extended  objects 
of  sense.  For  this  fact  there  are  several  obvious  reasona  Of  the 
three  principal  kinds  of  sensations  involved — namely,  sensations  of 
musical  sound,  sensations  localized  in  the  organs  with  which  the 
sotmds  are  executed,  and  sensations  localized  in  or  near  the  organs 
with  which  the  sounds  are  heard — only  the  last  two  belong  to  spatial 
8erie&  The  first  of  the  three,  however,  is  not  a  spatial  seriea  It  has 
not  been  accustomed  to  give  us  direct  knowledge  of  any  part  of  our 
own  body  ;  nor  does  it  combine  with  either  of  the  other  two  so  as 
to  form  an  object  of  sense.  We  know,  indeed,  not  only  that  we 
are  singing  the  scale  with  the  vocal  organs,  but  also  that  we  are  at 
the  same  time  hearing  it  with  the  ear.  We  know  both  these  facts, 
however,  through  sensations  of  muscle  and  skin  that  have  already 
become  inseparably  associated  and  localized  in  our  own  body. 

On  the  contrary,  from  the  dawn  of  consciousness  onward  through 
all  the  development  of  experience,  series  of  sensations  of  light  and 
color  are  constontiy  accompanied  by,  and  combined  with,  other  se- 
ries of  tactual  and  muscular  sensations  of  the  eye.  So,  too,  the 
different  series  of  sensations  that  arise  from  the  irritation  of  the 
nerves  in  muscle  and  skin  are,  of  necessity,  liabitually  com]>ine(l. 
In  forming  the  field  of  touch,  the  fact  that  certain  parts  of  the  j)e- 
riphery  of  the  body  so  frequently  come  into  contact  with  other  parts 

'  Comp.  Lotzd,  Medicin.  Psjrchologie,  p.  382  f. 
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is  of  the  highest  significance.    Two  series  of  complex 
corresponding  to  the  terms  "  touching  "  and  "  being  touched,**  ar 
thus  bi-oughtinto^i/r/opo^tOM,  as  it  were,  in  consciousness, 
^'juxtaposition'*  in  consciousness  is  not  itself,  of  course,  a 
juxtaposition  ;  the  former  is,  however,  the  necessary  pre-conditi 
of  the  latter. 

§  12.  The  third  characteristic  of  the  spatial  series  of  sensatio 
is  the  possession  of  a  system  of  local  signa     By  a  "  local  sign ' 
understand  that  peculiar  shading  or  mixture  of  quality  which 
longs  to  sensations,  otherwise  qualitatively  similfu*,  on  account 
the  locality  of  the  organ  at  which  the  stimulus  is  applied.     Furtt:^ 
as  to  their  nature  and  origin  it  is  not  easy  to  give  a  satisfactci^ 
account.     Wliile  accepting  the  general  theory  of  Lotze  as  to  %i.Xie 
existence  of  such  local  signs,  his  more  specific  view  as  to  what  tk:^^y 
are  must  be  held  subject  to   doubts.     The  local  signs  of  fii^^lj^ 
Lotze  conceived  of  in  the  following  way.*     In  addition  to  the  sa^zie 
sensation  (for  example,  red,  r)  which  each  color  produces  at    all 
places  of  the  retina,  it  produces  also  an  accessory  impression  a,  /9, 
7,  etc.,  for  each  of  its  different  places  a,  ft,  or  c,  etc.     The  existence 
of  such  accessory  data  must  be  assumed,  or  the  spatial  difierenees 
and  relations  among  the  retinal  impressions  could  not  be  '*  compexs- 
sated  for  "  by  corresponding  non-spatial  and  merely  intensive  rel^^' 
tioiis  among  the  impressions  in  the  soul. 

We  can  only  conjecture,  however,  in  what  the  accessory  impr^ 
sions  consist.     Lotzo's  conjecture  is  that,  since  we  involuntari 
and  by  reflex  motion  of  the  eye  fixate  its  most  sensitive 
ui)ori  every  especially  luminous  point,  and  in  order  to  do  this  m 
rotate  the  eye  through  an  arc  PE,  or  RE^  etc.,  according  to 
position  from  which  it  takes  its  start  in  the  fixation  of  E^  a 
number  of  series  of  changing  "feelings  of  position  "  are  develo 
corresponding  to  each  arc  (thus,  irf,  />€,  etc.).     When,  then,  both 
and  Jl  arc  simultaneously  stimulated,  although  with  equal  intena* 
and  so  that  actual  rotation  of  the  eye  cannot  take  place  over  bo 
of  the  opposed  arcs  PE  and  RE,  the  stimulation  of  P  and  /?  rep! 
duces  the  series  of  feelings  of  position  belonging  to  each  (respe-^ 
tively,  TTc  and  p€).     Thus  there  comes  to  be  connected  with  e 
cx(4tation  of  the  places  P  and  R  the  mental  presentation  of  t 
magnitude  and  qualitative  jKJculiarity  of  a  series  of  changes  whi< 
consciousness  "  would  have  to  experience  in  order  that  these  ex 

'  The  most  mature  expression  of  Lotze  s  theory  \b  to  be  found  in  Ontlines  _   „ 

Psyoholoiry,  Boston,  1H86.  p.  51  f.;  and  Metaphysik,  Leipzig,  1884.  iii.,  ch^^^^^.. 
4;  the  curlier,  in  Medicin.  Psychologie,  Hook  ii.,  chap.  4;  and  article, 
u.  Seeleulebeu,  Wagner's  HandwOrterb.  d.  Physiol.,  1860,  IIL,  1.  Abth. 
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•  niflht  tJI  upot)  tb«  plnc«of  cleAroat  viuoa"  Tbe  phjBical 
I  far  tLut  if*  to  1>G  found  in  the  cerebral  conneclinn  between  tbe 
j^  uul  Uif  motor  nerves ;  it  ia  the  excitatioQ  of  the  lutt«r  at 
r  OMitnl  «uiliiig»  which  gives  to  every  color- i in presHion  iu  lociU 
The  local  nga  of  sight  is,  then,  a  kind  of  feeling  of  teu- 
y  to  moUoa,  ineatalljr  reprodaced  out  of  the  associated  8«riMof 
II  that  baro  pnmouHl;  ncoompftiiied  ths  moToment  of  the 
*S9  itt  ftxation  from  one  positiou  to  another.  The  *ign  ootisista  in 
**«k«uBg  definite  "  motor  tendencies."  '  or,  rather,  "  auaociated 
■••liiip  ol  movemmt." ' 

VwiooB  otijectiuus  to  Lotee'a  Iij-pothosis  may  be  brought  fonvanL 

kk  of  "  acoeaeory "  or  "adjmint"  impresnona  as  attaohing 

*h<iiiM.lii«  to  tbn  chief  iiapreoeionB  of  color- tone  seems  iinfortu- 

j****^    Iode«d,  liolie  hiinaeU  conceives  of  them  rather  aa  bleiiiting 

W  (Mm  mixtoro  of  feeling  with  the  principal  sensation.     The  L-olor- 

''*Ott  itactf  dmit  iudi'fd  chnnge  with  the   |K>Bitiou  ujkw   the  retina 

^^■m  lb«  Btiinuliui  (alia'     But  the  change  is  always  a  chanife  into 

***3Aktr  cokir-ttitM^  which  is,  so  far  as  it  is  cftor-lnnr  at  all,  capable 

*''   >W|aM)iiHioD  at  any  one  of  iunumerable   other    ])oiuls  of  thu 

""Aiac    Tlw  ({ueation  then  r«cura  as  to  the  origin  and  nature  uf 

'*'^  iadiridual  metnbcn  of  the  scries  of  ongiiml  so-CAl[e<l  "  feelings 

"^  ^mt'tou  "  (*  tu  «,  ur  p  to  ().     Are  tliev  ft^chngs  which  arise  from 

_**    ckaoging  oondition  of  the  muscles  of  the  eje,  or  of  the  skin 

J^^*mnding  Ifae  ejaboU,  when  the  oye  is  in  motion  ?    Or  are  they 

^^^vifte  afaaJM  of  f^^ng  which  naturally  Iwhing  to  each  uf  the 

t**  •on*  elements  of  the  retina,  and  which  are  awakened  by  stimu- 
'^■if  Ibeae  poiuta  withcmt  any  dependence  on  Uio  motion  of  tba 
S  iX  HvrwTnl  TMiwa  an  possible  as  to  the  natnre  of  the  toed  g\ynB 
^^  CA«  tttn.  It  may  b*  hold  that  they  nro  nut  ijualitattTu  dilTanincM 
^^  ^Ibal  diOerenMain  the  intensity  and  time-course  of  the  tactual 
>  ■•iilutoa  Von  Kriaa  and  Aiierbach.'  however,  have  ahown  that 
lily  on  the  skin  ia  much  wore  (]uicUy  discriuiiuuted  than  evau 
3M  in  the  iiuantity  of  souHntions.  We  can  tell 
•  poial  wbera  m  ore  touched  eanicr  tlioit  the  (Kuiit  nhcre  the 
«aal  of  prcaaure  m  increMoil.  .^j(ain,  it  may  be  held  that  the 
■I  ngna  of  tondi  aro  iiuahtatffe  differsDoea  of  sensatioa  de- 
IMietK.  ri9Bli«lii«t>,  p.  SSft- 

«•  (•  iM  awllM  *t.w.  Molldn    fijcbelngU,  p  HO. 
C^f.  *^\\f.  In  MlaJ.  I«T«,  p.  lOI  f. 

■■la  hkLm  tb*  odd  mlitakv  of  ttippoiiDB  thil  )>oili  LoUh  uiil  Wondl  rc> 

4  IhM  MTlat  uf  cbtncn  In  «aJar-leu«  m  eonMliutln^  ih*  local  atifD*  ot  vl- 

a;_tW  ■—  aaJ  lU  InUlUcl.  p.  387  t.  ^poWl    Nc»  T«k, 

L  0.  Phr«ol.  PbyriidoB.  Abllt..  IST?.  p.  % 
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pendent  upon  the  modifioations  which  the  stimtihis  ondergoes 
acooont  of  the  changing  character  of  the  ddn  with  reopect  to 
sion,  nature  of  the  substance  of  muscle,  tendon,  and  bone  o^ 
which  it  is  stretched,  etc.     But  experiment  shows  tiiat  8timula&.<4 
of  the  skin  by  electricity,  and  in  such  a  way  that  these  influeii< 
could  have  no  appreciable  effect,  is  immediately  localized.    FuulS^^^ 
it  may  also  be  held  that  the  local  signs  of  the  skin  are  qualitafc^^^ 
differences  of  sensation  peculiar  to  the  different  nenrous  elem^sifa 
existing  in  different  parts  of  this  organ  of  sense.     They  are    tlie 
direct  result,   that  is,   of  the  mind's  reaction  upon  the  speoifio 
energies  of  the  nervous  elements  as  called  out  by  the  stima]u& 
This  is,  of  course,  to  fall  back  upon  the  ultimate  mystery  involvGd 
in  the  original  nature  of  that  reaction  which  the  mind  makes  as 
dependent  upon  the  locally  individual  nervous  elements  beizxg 
stimulated.     It  is  to  surrender  explanation  at  this  point,  and  aooept 
what  takes  place  as  mere  datum  of  fact. 

§  14.  In  view  of  all  the  evidence,  it  would  seem  that  the  gene 
theory  of  local  signs  must  be  constructed  in  somewhat  the  follo^ 
ing  way :  Within  certain  limits,  which  it  is  impossible  for  scieD 
as  yet  definitely  to  fix,  the  irritation  of  the  different  nervous  el-^ 
ments  of  certain  organs  of  sense  gives  rise  to  sensations  which  * 
fer  in  the  shading  of  their  quality  according  to  the  locality  in 
organ  at  which  the  elements  are  situated.     This  is  probably  troe 
both  peripheral  and  central  areas  of  the  total  organ.     It  is  tme 
the  latter  areas  as  dependent  on  the  excitation  of  the  former, 
simultaneous  irritation  of  several  locally  related  elements  of 
organ  (and  the  irritation  is  seldom  or  never  confined  to  a 
element)  results,  then,  in  a  certain  mixture  of  feeling  depend< 
upon  the  number  and  local  relation  of  all  the  elements  thus  simi 
taneously  irritated.     For  example,  the  color-tone  of  the  compli 
sensations  aroused  by  irritating  together  the  retinal  elements  a,  p, 
8,  etc.,  differs  from  that  aroused  by  irritating  the  elements  y,  8,  c, 
etc.     The  same  thing  holds  true  of  locally  related  nervous  elemei 
of  the  skin.     How  much  of  the  local  coloring  is  due,  on  the  phi 
iological  side,  to  differences  in  structure  and  how  much  to  dW 
ferences  in  processes,  how  much  to  peripheral  elements  and  h( 
much  to  central  nervous  connections,  it  is  impossible  to  say.     Ea.^ 
of  the  spatial  series  of  sensations  is  characterized  by  this  shadir^^^ 
of  its  elements.     We  must,  therefore,  hold  that  every  sense  whE  ^^  . 
is  the  medium  of  space-perceptions  has  a  system  of  local  signs     ^^ 
its  own.  •     The  theory  is  thus  opposed  to  that  of  Bain '  and  others  ^^ 

'  Comp.  Funke,  in  Hermann's  Haudb.  d.  PhysioL,  IIL,  li,  p.  406  £. 
*  The  Senses  and  the  Intellect,  pp.  73  £1,  846  £1     New  York,  16m 
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the  AtmoekHan  ichool,  who  toe  innliniwl  wboUjor  bvgalj  to  leduoe 
■n  ilie  load  mgom  to  mere  sjmbols  of  asKxaated  diffBiencee  in  the 
npta^rvi^T  eenee.  Thej  are  thua  made  to  become  mere  signs  of  signs 
of  "Thinga" 

Not  only  each  "geometrical  sense,"  but  also  each  of  the  "  spatial 
series'*  of  sensations  arising  through  the  total  operation  of  that 
sense,  consists  of  members  that  have  a  local  coloring  peculiar  to 
the  seriea  Thus  the  spatial  series  of  tactual  impressions  pro- 
duced by  moving  an  object  from  a  to  d  on  the  hand  differs  from 
that  produced  by  moving  it  from  a  to  n  ;  that  belonging  to  move- 
ment from  a  to  d  on  the  hand  from  that  belonging  to  movement 
&om  m  to  :r  on  the  back.  The  series  of  muscular  sensations  de- 
veloped by  raising  one  pound  differs,  with  respect  to  the  color-tone 
of  its  members,  from  that  developed  by  raising  two  pounds,  with 
the  hand  ;  both  differ  from  the  series  belonging  to  the  raising  of 
the  same  weights  with  the  foot  Every  series  of  muscular  and 
tectoal  sensations  produced  by  moving  the  eye  also  depends  upon 
the  direction  and  amount  of  its  motion  ;  the  series  of  local  signs 
of  the  retina  depends  upon  the  direction  and  amount  of  the  motion 
of  the  object  over  the  retinal  field. 

But  another  important  consideration  remains  The  local  signs  of 
the  different  spatial  series  which  frequently  combine  in  the  opera- 
don  of  the  same  organ  must  necessarily  modify  each  other.  Hence 
there  arise  admixtures  of  feeling  dependent  upon  the  combined 
gpecifie  energies  of  the  nervous  elements  simultaneously  excited, 
with  a  given  amount  of  energy  and  with  given  relations  to  preced- 
ing conditions.  Thus  it  comes  about  that  the  place  where  we  locate 
%  visual  object  does  not  depend  merely  upon  the  place  where  its 
image  falls  on  the  retina,  but  also  on  the  feeling  of  the  position  of 
^e  eye  as  indicated  by  its  musctdar  and  tactual  local  sign&  In  other 
pvords,  the  real  and  complete  **  local  sign  "  (that  which  signifies  the 
locality  of  the  object  to  the  mind,  as  it  were)  is  the  whole  complex 
>f  feeling  which  is  combined  from  the  local  signs  of  the  different 
spatial  series  that  are  acting  together.  We  define  the  local  sign, 
[hen,  as  that  mixture  of  feeling  which  gives  to  the  sensation  its 
peculiar  coloring,  and  is  dependent  upon  the  combined  result  of 
sxciting  the  nerves  of  a  given  locality  of  the  organ. 

§  15.  It  may  be  objected  that  the  foregoing  theory  of  local  signs 
is  too  elaborate  and  artificial  to  be  in  fact  true.  But  the  nervous 
elements  themselves  are  indescribably  numerous  and  varied  ;  and 
BO  is,  without  doubt,  the  total  complex  of  feelings  which  results 
Erom  their  activity.  Reflective  consciousness  finds  itself  baffled  in 
its  effort  to  catch  and  fix,  for  purposes  of  analysis,  all  the  various 
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Bhadings  of  sensatioiis  which  actnally  appear  in  adult  life.  Yet  it 
is  characteristic  of  this  adult  life  that  its  Terj  deyelopmeDt  presiip- 
poses  the  loss  from  consdousneas  of  many  discriminaiiana  of  shades 
of  feeling  on  which  the  development  is  itself  based.  The  adult  doet 
not,  and  cannot,  recall  the  complex  of  aensationa  by  which  he 
learned  to  talk ;  nor  can  the  skilful  player  of  the  Tioliii  reprodnoe 
the  *'  tad  **  with  which  he  experimented  among  the  innumerabb 
muscular  and  tactual  sensations  concerned  in  producing  a  requixed 
musical  tone.  Let  anyone,  however,  who  imagines  that  the  limit  ean 
be  easily  fixed  for  the  peculiar  shadings  which  aensatioiis  ordinanlf 
classed  together  really  possess,  spend  a  half-hour,  with  one  hand 
lying  motionless  across  the  other,  in  the  endeavor  to  pick  out  aD 
the  different  color-tones  of  tactual  feeling  which  he  can  localise  is 
both  handa 

The  dependence  of  even  developed  experience  upon  these  loeil 
signs  in  consciousness,  for  its  apparently  instinctive  loealizatioo 
of  sensation,  may  be  faintly  manifested  by  variona  experimenii 
Select  two  portions  of  the  body  that  are  in  structure  and  functioD 
most  nearly  identical,  and  whose  local  signs  will  accordingly  be 
such  mixtures  of  feeling  as,  when  brought  into  conaciousDeflk 
will  be  most  difficult  to  keep  separate.  The  corresponding  points 
on  the  tips  of  the  two  middle  fingers,  perhaps,  fulfil  these  con- 
ditions best  With  closed  eyes  rub  these  points  gently  together, 
concentrating  the  attention,  as  much  as  possible,  solely  upon  the 
sensations  thus  produced.  The  tactual  sensations  may  thus  be  made 
to  fluctuate  in  locohty  from  one  finger  to  the  other  ;  at  times  thej 
appear  almost  to  lose  their  objective  character,  and  to  reaemUe 
musical  tones  heard  without  consciousness  of  the  direction  from 
which  they  come,  or  of  the  extent  and  locality  of  the  bodily  nSec- 
tion  through  which  they  come.  A  similar  nearly  complete  deticb- 
ment  of  sensations  of  light  and  color  may  be  secured  by  closing  the 
eyes,  letting  all  after-images  die  away,  suppressing  the  tendeneieB 
to  motion  of  the  organ,  and  directing  attention,  as  much  as  pos* 
sible,  solely  to  the  quality  of  our  affection.  Ck>lor  seems  then  to  be 
fell  (but  nowhere  in  particular),  rather  than  seen  as  localized  in 
space-form. 

§  16.  The  most  noteworthy  stages,  or  "epoch-making**  achieTe- 
ments,  in  the  process  of  elaborating  the  presentations  of  sense,  have 
been  declared  to  be  "localization  "  and  "eccentric  projection."  The 
first,  primarily,  gives  us  the  knowledge  of  our  own  body,  mainly  by 
passive  sensations  of  touch  ;  the  knowledge  of  our  own  body  which 
comes  through  sight  is  by  eccentric  projection.  We  immediately 
fed  the  peripheral  parts  of  the  body  as  the  plaoea  where  the 
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ttonB  are  localized  ;  we  aee  some  of  the  eame  parts  as  projected  in 
space  before  our  eyes.  Objects  that  are  not  a  part  of  ourselTes  are 
given  to  us  as  projected  eccentrically,  either  by  touch  through  their 
being  in  contact  with  the  skin  and  occasioning  sensations  of  mus- 
cular exertion,  or  by  sight  as  having  distance  in  its  field  of  vision. 
Localization  and  projection  are  not  to  be  regarded  as  two  phases  of 
one  and  the  same  process  ;  we  do  not  first  have  the  presentations 
ci  sense  as  parts  of  the  periphery  of  our  bodies,  and  then,  on  further 
experience,  push  them  beyond  this  periphery,  either  to  an  infini- 
^»tnm»\  distance  or  to  one  remote.  Localization  and  eccentric  pro- 
jection are  rather  two  processes,  largely  unlike,  which  go  on  con- 
temporaneously and  are  set  up  chiefly  on  the  basis  of  different 
clasBOft  of  sensations. 

Where  two  parts  of  the  sensitive  skin  of  our  own  bodies  come 
together  the  conditions  for  both  of  the  above-mentioned  processes 
are  fulfilled.  Accordingly,  one  part  has  localized  in  it  those  com- 
jdex  sensations  which  make  us  aware  that  this  part  of  our  body  is 
touching  something  ;  the  other  has  localized  in  it  those  sensations 
which  make  us  aware  that  this  part  is  being  touched  by  something. 
Which  of  the  two  parts  shall  be  regarded  as  touching,  and  which  as 
being  touched,  depends  on  various  considerationa  Those  mem- 
bers of  the  body  which  are  most  used  in  active  touch  are  generally 
known  as  touduhg,  and  ihe  less  active  parts  as  being  touched.  For 
example,  if  with  closed  eyes  the  forehead  be  moved  across  the  sta- 
tionary tip  of  a  finger,  the  latter  will  appear  to  be  the  active  organ 
of  touch.  Comparatively  insensitive  areas  of  the  skin  are  less  likely 
to  be  presented  to  the  mind  as  touching  other  more  sensitive  parts ; 
callous  spots,  indurated  surfaces,  etc.,  seem,  as  a  rule,  to  be  touched. 
Parts  of  the  body  which  lose  all  sensitiveness  come  to  be  regarded 
as  external  things.  If  the  tip  of  a  finger  of  normal  sensitiveness  be 
brought  into  contact  with  the  callous  tip  of  the  corresponding  fin- 
ger of  the  other  hand,  the  former  will  be  known  as  touching  and 
the  latter  as  being  touched.  The  direction  of  attention  often  deter- 
mines the  strife,  as  it  were,  between  the  motifs  to  localization  and 
those  to  eccentric  projection.  We  ordinarily  strive  to  gain  knowl- 
edge of  the  qualities  of  some  outside  object,  rather  than  of  the  con- 
dition of  our  own  periphery  with  respect  to  the  sensations  localized 
in  it ;  the  attention  is  therefore  directed  to  those  series  of  sensations 
which  form  the  basis  of  eccentric  projection,  even  when  some  part 
of  our  own  sensitive  organism  is  the  object  known.  But  sensations 
which  are  accompanied  by  obtrusive  feeling  of  some  kind  furnish 
superior  grounds  for  localization.  We  locate  pains,  pricks,  severe 
pressure,  sensations  of  creeping,  and  tickling,  in  the  body.    In  gen- 
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eral,  then,  a  strong  tone  of  feeling  with  the  Bensation  fitvors  tlai.< 
process  of  localizing ;  tonelessness  of  sensation  favors  tiie 
of  objectifying.* 

A  system  of  localized  sensations,  gained  chiefly  by  pressure 
the  skin  and  muscles,  and  accompanied  by  a  strong  tone  of  f  eelin. 
gives  us  the  primary  field  of  the  body  as  known  to  touch, 
points  of  starting,  as  it  were,  must  first  be  fixed  in  the  process        ^i^f 
localizing  ;  this  process  then  goes  on  by  relating  all  other  Inmlir   —_!  j 
sensations  to  these  points  of  starting.     But  by  eccentric  projectid^^sr 
the  system  of  muscular  sensations  of  movement  and  the  system 
visual  sensations  are  combined  to  develop  our  perceptions  of 
jective  space  with  its  three  dimensions.     The  sensations  of  toi 
are  subsequently  projected  into  a  space  thus  originally  constitu^fc^^ 
by  combined  muscular  sensations  and  visual  sensation&     The  ^jre 
and  hand  in  motion,  therefore,  project  their  extended  objects  L 
a  space  which  they  develop  themselves  ;  while  the  ear  and  the 
project  their  perceptions  into  a  space  which  they  are  compelled 
assume  on  the  authority  of  the  other  sensea 

The  foregoing  principles  must  now  be  illustrated  and  confirmee  '^ 
by  a  brief  statement  of  facts  which  relate  to  the  formation  and 
velopment  of  presentations  of  sense  by  a  synthesis  of  simple  sei 
sations.     Attention  will,  for  obvious  reasons,  be  directed  almos- 
exclusively  to  those  presentations  of  sense  which  come  through  th( 
eye  and  skin,  including  in  both  the  influence  of  musctdar  sensa-^^ 
tions. 

§  17.  Perceptions  of  Smell  differ  only  in  fineness,  duration,  and  ac*-^^*^ 
companying  tone  of  feeling  ;  they  have  no  size  or  shape,  no  spatiaC^^  . 
properties  of  any  kind.  They  cannot  even  be  said  to  be  localized^-^-^ 
Fineness  of  smell,  or  power  to  make  minute  distinctions  in  quaUty,""^-*^^' 
and  so  infer  the  presence  or  direction  of  an  object  previously  knowr^""^^^ 
to  excite  such  quality  of  sensations,  differs  greatly  in  different 
cies  of  animals  and  in  different  individuals  of  the  same  speci< 
The  exploits  of  some  animals  give  ground  for  the  conjecture 
every  species,  and  even  every  individual,  has  an  odor  of  its  o^ 
The  direction  and  nature  of  the  object  which  causes  the  sensatioDC:^'^^"^ 
are  judged  by  variations  of  intensity  on  turning  the  head,  or  o^^^^  ^° 
approaching  or  receding  from  the  object  Sensations  of  smell  a  j^  ^^bi6 
known  to  come  through  the  nose,  by  localizing  there  the  acconc^  ^'^' 


'  Compare  Volkmann  von  Volkmar,    Lehrbnoh   der  Psjchologie,  n.,  -  P" 

126  f. 

*  See  the  articles  of  Donhoff,  in  Arohiv  f.  Anat,   Phjsiol.,  etc.,  PhysioW— ^y- 
Abth  ,  p.  750  f.  (1874) ;  and  Jiiger,  in  Zeitschr.  f.  wiasensoh.  ZooL,  xzvii.,  «^^  P- 
319  f.  (1870). 
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panjing  mnscabur  and  taotual  sensations  with  their  strong  tone  of 
feeling.  This  is  readily  done»  since  we  draw  the  air  through  the 
nostrils  and  feel  its  doable  effeets  in  producing  the  two  classes  of 
sensationa  As  to  the  simultaneous  influence  of  two  smells,  little 
is  known  beyond  the  statement  of  Valentin,  that  the  stronger 
OTerwhelms  the  weaker.  The  power  of  discrimination  may,  of 
course,  be  cultivated  in  this  sense  as  in  every  other.* 

§  18.  Most  of  the  remarks  just  made  as  to  perceptions  of  smell 
apply  also  to  Perceptions  of  Taste.  Sensations  of  taste,  however,  are 
much  more  closely  connected  with  those  of  touch ;  since  the  tongue 
is  a  chief  organ  of  active  touch.  It  is  the  tactual  and  muscular 
sensations,  and  not  the  purely  qualitative  affections  of  taste,  which 
are  localized  in  the  mouth.  Concerning  contrast  and  compensation 
of  tastes,  little  is  known  which  does  not  belong  to  ordinary  experi- 
ence. Valentin '  alleges  that  when  a  sour  mass  is  laid  on  one  half, 
and  a  bitter  mass  on  the  other  half,  of  the  root  of  the  tongue,  the 
predominating  taste  may  sometimes  be  determined  by  our  choice. 
It  is  well  known  that  certain  tastes  compensate  each  other,  as  it 
were,  in  experience,  without  any  chemical  equivalence  of  their  prop- 
erties. The  sugar  neutralizes  the  acid  of  the  lemonade,  not  in  the 
vessel  that  contains  the  mixture,  but  in  the  nervous  system  of  him 
who  drinks  it.  BrQcke  holds  '  tliat  the  neutralizing  of  one  sensa- 
tion of  taste  by  the  other  takes  place  in  the  bmin.  The  sensation 
of  bitter  is  especially  difficult  to  cover  or  neutralize. 

§  19.  Perceptions  of  Hearing  next  demand  consideration.  More 
difficulty  accompanies  the  effort  to  establish  the  proposition  that 
sensations  of  sound  are  not  directly  localized,  but  are  projected 
in  a  space  constituted  chiefly  by  the  eye  and  the  hand,  through 
complicated  indirect  inferences.  Such  a  proposition  is,  however, 
tmdoubtedly  true.  The  localizing  of  the  area  of  the  body  which 
serves  as  the  organ  of  the  sensations  of  sound,  the  knowledge  that 
we  hear  unth  the  ear,  is  accomplished  chiefly  through  those  sen- 
sations of  shock  to  the  muscles  and  skin  of  the  region  which  come 
from  loud  and  massive  or  piercing  sounda  Sensations  of  sound 
originating  through  excitement  within  or  very  near  to  the  ear  itself 
are  called  "entotic"  A  great  part  of  such  sounds,  if  not  all  of  them, 
are  transmitted  through  the  tympanum.  Perceptions  combined  of 
such  sensations  may  be  located  either  within  the  ear  or  at  some  dis- 

'  On  the  whole  snbject  see  yon  Yintschgau's  monograph  in  Hermann,  Handb. 
d.  PhjsioL,  in.,  ii.,  pp.  225  ff. 

*  Lehrbach  der  Physiol,  d.  Menschen,  etc.,  Abth.  ii.,  p.  308  (second  edi- 
tion). 

*  Vorlesnngen  ilber  PhjsioL  (ed.  1884),  ii.,  p.  202. 
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tance  from  the  body,  according  to  previous  associations  and  oppoi 
tonities  for  judgment    The  sound  produced  by  the  vibration  of  th- 
adjoining  muscles,  and  heard  as  a  low  musical  tone  when  the  fii 
gers  are  pressed  in  the  ears  (especially  if  the  teeth  are  tightly  nr  | 

together),  is  located  in  the  head  by  the  help  of  its  accompanyin..«^B.c 
sensations  of  other  kind&     The  same  thing  is  true  of  the  cracklii^^^  «. 
noise  sometimes  produced  by  yawning,  or  of  the  whirring  occasion 
by  the  passing  of  the  blood  through  the  neighboring  large  bli 
vessels.    In  the  same  way  we  learn  to  hear  the  beating  of  our  o^ 
hearts,  or  the  noise  of  air  in  our  respiration.     But  the  dick  of  t^.^^^^^ 
valves  of  the  internal  organ  may,  when  experience  gained  throu^^^^j^ 
tactual  and  muscular  sensation  fails  us,  be  located  in  the  wa^ni^^^i, 
under  our  pillow ;  just  as  the  singing  or  ringing  "  in  the  ei 
produced  by  quinine,  or  cerebral  excitement  otherwise  occasioi^' 
may  be  located  in  a  cricket  supposed  to  be  upon  the  sill  of  the  o^jp^2i 
window.     In  certain  pathological  cases  the  power  to  disting^zxsfi 
between  entotic  sounds  and  Uiose  having  an  external  origin  is   aJ- 
most  wholly  lost. 

§  20.  We  can  orientate  ourselves  in  space  with  reference  to 
temal  sounds  with  great  speed  and  considerable  precision,  but 
an  acquired  art  diflfering  in  different  individuals  and  depende^^^ 
upon  attention  and  previous  experience.     E  H.  Weber  thoug-^^^ 
that  we  tell  the  direction  of  sounds  by  the  help  of  the  feeling  ^^^. 
the   swing  of  the  ear-drum ;  and  instanced,  in  proot  that  tli^^ 
eccentric  projection  is  hindered  by  filling  the   external  passa^^^ 
of  the  ear  with  water.     When  using  both  ears  and  moving  i\^^^^ . 
head  freely  in  space,  we  undoubtedly  determine  the  direction  C^^^   . 
soimds  by  differences  in  the  intensity  of  the  sensation  de^ndet:^^^^  ^ 
upon  changes  in  the  relative  position  of  both  ears.     Rayleigh^^^T 
found  that,  in  a  quiet  place  under  favorable  circumstances,  ^^^^^^^ 
direction  of  a  word  or  letter  uttered  in  a  natural  voice  could  Ic-^   , 
given  with  considerable  accuracy ;  that  of  a  musical  tone  muc^>^ ' , 
less  accurately.     The   direction   of  a  sound  from  a  tuning-fot^^  "^ 
could  not  be  given  when  it  was  held  either  behind  or  before,  hw^^^ 
could  be  given  if  the  fork  was  held  to  the  right  or  to  the  left 
is  said  that  the  conducting  of  an  intermitting  current  from  a  telC^^^^^ 
phone  through  both  ears  causes  a  perception  of  tone  localized  in  t— :^^^ 
median  plane  of  the  head. 

Such  facts  as  the  foregoing  introduce  us  to  the  theory  of  "aco-"""^"^ 
tic  shadows,"  or  of  the  amount  of  "  covering  "  power  which  ""^be 
sound  produced  by  the  waves  of  a  given  intensity  entering  ^:zPDe 
ear  would  have  upon  the  sound  produced  by  waves  of  a  differrjfio/ 

>  Nature,  XTV.,  p.  32. 
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intensity  entering  the  other  ear.  It  does  not  appear  to  Hensen,' 
however,  that  the  prompt  and  accurate  localization  of  direction 
possible  to  some  ears  can  be  wholly  accounted  for  by  the  theory  of 
acoustic  shadows.  Some  other  form  of  feeling,  possibly  connected 
with  the  remarkable  arrangement  of  the  semicircular  canals,  may 
blend  with  the  estimate  of  differences  in  intensity  to  form  a  basis  for 
judgment  Yon  Kries  and  Auerbach  found  that  the  promptness 
with  which  the  direction  of  the  noise  from  an  electric  spark  can  be 
localized  depends  upon  its  relation  to  the  circuit  of  the  head.* 

Our  perceptions  of  the  absolute  distance  of  sounding  objects  are 
entirely  dependent  upon  our  knowledge  of  the  quality  and  quantity 
of  the  soimds  ordinarily  proceeding  from  them  ;  they  are,  that  is 
to  say,  not  presentations  of  sense,  but  indirect  estimates  as  to  the 
objective  cause  of  the  sensations  immediately  experienced.  It  has 
been  claimed  that  a  change  in  the  relation  of  the  partial  tones  to 
the  fundamental  tone,  dependent  upon  the  remoteness  of  the  place 
of  origin  of  the  compound  clang,  aids  oiu:  estimate  of  distance  by 
sound. 

§  21.  An  account  of  the  process  by  which  a  Field  of  Touch  is  con- 
structed, and  extended  objects  are  known  as  in  contact  with  the 
skin  at  definite  points  or  areas  of  it,  must  begin  by  enumerating  the 
data  which  the  mind  has  for  such  activity.  The  most  important  of 
these  data  are  indicated  by  certain  facts  as  to  the  fineness  of  the 
so-called  *'  sense  of  locality  "  belonging  to  the  skin.  E.  H.  Weber 
first  established  a  rule  for  measuring  the  degree  of  this  fineness  ac- 
curately ;  he  also  mapped  out  the  entire  field  of  the  surface  of  the 
body  into  areas  differing  greatly  in  their  fineness.*  For  a  measur- 
ing instrument  he  used  the  two  points  of  a  pair  of  dividers,  blunted 
so  as  to  prevent  'the  sensation  of  being  pricked  ;  the  principle  of 
measurement  was  that  the  minimum  distance  apart  at  which  the 
iujo  points,  when  touching  the  skin  of  any  region,  are  felt  as  two  local- 
ized sensations  is  the  measure  of  tlie  sensitiveness  to  local  distinction 
of  that  region.  The  following  table  gives  some  of  the  results  of 
Weber's  experiments;  the  figures  indicate  the  number  of  milli- 
meters *  apart  which  the  points  of  the  dividers  were  when  the  given 
area  of  the  organ  was  Just  able  to  distinguish  them  : 

'  In  Hennann's  Handb.  d.  Physiol.,  III.,  ii.,  p.  136. 

«  Archiv  f.  Anat.  u.  Physiol.,  Physiolog.  Abth.,  1877,  p.  331  f. 

*  Annot  Anatom.,  vii.,  p.  4  f.  ;  Wagner's  Handworterb.  d.  Physiol.,  III., 
Abth.  it ,  p.  529  f . 

*  The  numbers  were  given  by  Weber  in  Parisian  lines ;  in  the  table  they  are 
taken  from  Wnndt,  PhyBiolog.  Psychologie,  ii.,  p.  7,  who  has  reduced  them  to 
even  millimeters. 
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Tip  of  the  tongue \ 

Volar  side  of  the  last  phalanx  of  the  finger % 

Bed  part  of  the  lips 5 

Volar  side  of  the  second  and  dorsal  side  of  the  third  phalanx  of  the  finger .  1 

White  of  the  lips,  and  metacarpus  of  the  thumb 9 

Cheek,  and  plantar  side  of  the  last  phalanx  of  the  great-toe »         11 

Dorsal  side  of  the  first  phalanx  of  the  finger ^      16 

Skin  on  the  back  part  of  cheek-bone,  and  forehead ..._^  23 

Back  of  the  hand 81 

Knee-pan,  and  surrounding  region _  96 

Forearm,  lower  leg,  back  of  the  foot  near  the  toes ^40 

Skin  of  the  nape,  and  of  the  back  in  the  fiye  upper  cervical  vertebne. ...         .54 
Skin  of  the  middle  of  the  back,  and  of  the  upper  arm  and  leg ; .        «  68 

Weber  also  found  that  the  fineness  of  the  sense  of  localit^~"T  is 
greater  in  a  transverse  than  in  a  longitudinal  direction,  on  both  ^l^tds 
and  leg&     On  these  surfaces  of  the  skin  the  *'  sensation-circles^  ^'or 
areas  within  which  the  minimum  distances  of  the  dividers'  poiots 
are  felt  as  two  points,  have  an  elliptical  shape,  with  their  long  Axes 
up  and  down.     That  the  size  of  the  sensation-circles,  or  the  fineness 
of  the  sense  of  locality,  largely  forms  the  basis  for  our  judgments 
of  the  position,  number,  and  magnitude  of  the  localized  sensatfoi^ 
in  the  field  of  touch  may  be  shown  by  a  simple  experiment     ^ 
the  points  of  the  dividers  be  separated  somewhat  less  than  is  nec^^^ 
sary  in  order  to  distinguish  them  as  two  on  the  cheek  just  in  ii>^^^ 
of  the  ear,  and  tlien  (the  distance  apart  of  the  points  remaining  jl:^^' 
changed)  be  slowly  moved  until  one  point  rests  upon  the  upper  ai^^^^ 
the  other  upon  the  lower  lip,  to  a  person  blindfold,  and  unprej 
diced  by  knowing  what  is  to  take  place,  the  point  first  felt  as  ol-^^"" 
will  appear  to  become  two,  and  iiien  the  two  recede  from  eac^*^ 
other  continually  as  the  parts  with  a  finer  sense  of  locality  are  tnu-^^^  . 
ersed.     The  same  experiment  may  be  tried  upon  any  other  pa--^^^ 
of  the  body.     It  appears,  therefore,  that  the  mental  representatic::^  " . 
of  the  magnitude  of  the  distance  between  two  impressions  varies  r 
inverse  proportion  to  the  real  magnitude  of  the  smallest  percei-^^  ^ 
able  distance,  on  any  given  area  of  the  skin.     The  same  priud^^    ^ 
holds  good  when  all  the  space  between  the  impressions  is  filled 
as  it  were,  so  as  to  make  a  continuum  of  localized  sensations.  Th 
Weber  found  that  the  circular  form  of  a  tube  of  only  1|  Parisl  -^^^ 
line  in  diameter  could  be  recognized  by  pressure  on  the  tip  of  \z^^^ 
tonffue  ;  while  on  the  skin  of  the  abdomen  the  diameter  of  the  tu^^^^ 
must  reach  3f  inch  before  its  form  was  recognizable.     Our  estim^s-**^ 
of  the  length  of  lines  of  pressure  marked  out  by  laying  rods  up:::^^^^ 
the  skin  follows  the  same  principle. 

§  22.    Other  important  discoveries  as  to   the  skin's  so-cak-'^ 
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'*  flense  of  localitf  "^  haTe  been  made  since  those  of  Weber.  Valen- 
tin has  eaDed  attention  to  the  fact  that  enormous  individual  differ- 
ences exist  in  the  fineness  of  this  kind  of  perception  ;  some  per- 
sons are  not  more  than  one-fonrth  as  sensitive  as  are  some  otbera 
The  relative  degree  of  fineness  belonging  to  different  areas  of  the 
akin  remains,  however,  approximately  the  same  in  different  persona 
A.  W.  Yolkmann  '  showed  the  remarkable  effect  of  exercise  upon  the 
cultivation  of  the  sense  of  locality.  After  fixing  the  value  of  the 
least  perceivable  differences  of  locality  for  a  number  of  small  areas 
in  the  field  of  touch,  Yolkmann  found  that  each  successive  series  of 
experiments  vnth  each  area  increased  its  fineness  of  perception, 
until  within  a  few  hours  twice  the  original  degree  of  fineness  could 
be  reached.  The  growth  in  perceptive  skill  of  the  skin  was  slower 
at  first  for  areas  not  ordinarily  used  for  touch ;  quicker  for  those 
accustomed  to  daily  use.  The  improvement  ceased  at  a  certain 
limit,  and  was  soon  lost  by  disuse,  so  that  a  few  months  out  of 
practice  served  to  reduce  the  acquired  tact  of  any  area  to  its  origi- 
nal condition.  A  most  surprising  discovery  of  this  experimenter 
was,  that  the  practice  exclusively  of  a  member  of  the  body  on  one 
side  resulted  in  improving  the  fineness  of  touch  of  the  correspond- 
ing member  of  the  other  side.  Thus,  if  the  smallest  perceivable 
distance  for  the  tip  of  a  left  finger  was,  to  begin  with,  0.75  line, 
and  that  of  the  corresponding  place  on  the  right  finger,  0.85,  prac- 
tice with  the  left  finger  exclusively  reduced  the  distance  for  both 
fingers — for  the  left  to  0.45  line,  and  for  the  right  to  0.4. 

It  is  well  known  that  the  blind,  who  have  no  spatial  series  of 
sensations  or  presentations  of  extended  objects  by  the  eye,  attain  by 
exercise  a  high  degree  of  fineness  for  certain  space-perceptions  of 
the  skin.*  In  the  case  of  those  who  have  sight,  the  most  movable 
and  discriminating  organs  of  the  skin — such  as  the  tips  of  the  fin- 
gers— are  capable  of  being  cultivated  to  great  delicacy  of  touch  ; 
but  Funke '  did  not  succeed,  even  by  an  education  lasting  an  en- 
tire month,  in  reducing  the  obtuseness  of  the  skin  of  the  back  be- 
tween the  shoulder-blades  and  in  the  lumbar  region  more  than  by 
about  one-fourth. 

§  23.  The  explanation  of  Weber's  "  sensation-circles  "  of  the  skin 
has  been  the  subject  of  much  debate.  It  is  natural  nt  first  to  as- 
sume that  each  entire  circle  is  provided  with  one  and  only  one 
nerve-fibre,  whose  terminal  expansion  covers  the  circle,  and  whose 
excitation  is  represented  in  consciousness  by  a  sensation  of  a  spe- 

'  Bench te  d.  Saohsischen  Gesellschaft  d.  Wissenscliaften,  1858,  p.  88  f. 
'  Comp.  Czennak,  Sitzgaber.  d.  Wiener  Acad.,  XVII.,  Abth.  ii.,  p.  563  f. 
•  See  Hermann's  Handb.  d.  Physiol.,  III.,  ii.,  p.  382. 
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oific  Talue.  Doubtless  certain  aattiomieal  diffBrenoes  in  ilie  nene- 
fibres  of  the  akin,  and  certain  corresponding  phjsiic^ogioal  differ- 
ences in  their  function,  must  be  assomed  as  the  basis  of  eveiy  the- 
ory to  account  for  the  skin's  sense  of  locality.  Bat  Goldscheido^a 
experiments  show  that  a  number  of  pressure-spots  must  be  recog- 
nised within  each  sensation-circle,  and  each  pressure-spot  at  least 
should  haTe  a  sensory  fibre.  Moreover,  CTory  point  within  each 
sensation-circle  is  itself  sensitiye  (howerer  large  the  circle  may  be), 
and  the  limits  of  none  of  the  circles  are  fixed  as  would  be  the  ex- 
panse of  a  single  nenre-fibre  distributed  over  them.  Still  further, 
different  individuals  differ  greatly  in  the  size  of  these  circles  (and 
we  cannot  well  suppose  a  corresponding  difference  in  the  number 
of  sensory  nerves  of  the  skin),  and  practice  suddenly  and  greatly 
diminishes  the  area  covered  by  a  single  circle.  It  must  at  least  he 
admitted  that  "  the  smallest  perceivable  distance  is  not  a  direct 
measure  for  the  diameter  of  the  sensation-circle."  ' 

Weber  himself  assumed  that  sensation-circles  always  contain  a 
number  of  isolated  nerve-fibres  ;  and  that,  in  order  to  have  the  im- 
pression of  two  localized  sensations,  several  unexcited  fibres  must 
exist  between  the  two  excited.  The  number  of  these  unexcited  fibres 
serves  the  mind  as  a  kind  of  means  for  the  approximate  measore- 
ment  of  distances  on  the  skin.  Other  advocates  of  Weber's  ex- 
planation have  spoken  as  though  the  brain  could  somehow  become 
conscious  of  the  unexcited  fibres  lying  between  the  two  exdied 
ones,  and  so  derive  a  support  for  its  judgment  from  their  nimi- 
ber.'  Of  course,  oil  attempts  to  explanation  which  assume  the 
mind's  knowledge  of  the  condition  of  the  minute  subdivisions  of 
the  nervous  elements  are  wholly  futile  and  illusory.  Wundt  *  cor- 
rectly calls  attention  to  the  fact  that  the  differences  in  the  so-called 
sensation-circles  of  the  skin  are  simply  a  special  case  under  tbe 
general  psychological  laws  of  the  least  observable  differences  in 
sensations  ;  only  in  this  case  the  differences  are  not  pure  differences 
in  intensity,  but  rather  differences  in  the  complex  color-tone  of  the 
quality  of  sensation.  In  other  words,  the  sensation-circles  represent 
the  local  difference  between  the  points  at  which  stimulus  must  be 
applied  to  tbe  skin  in  order  to  produce  enough  of  difference  in  tbe 
color-tone  of  tbe  resulting  sensations  to  moke  them  observable  by 
the  mind.  These  local  signs  of  the  skin,  as  the  organ  of  touch 
proper,  like  all  local  signs,  are  complex  mixtures  of  feeling  belong- 
ing to  different  localities ;  as  such  they  are  dependent,  not  only 

'  So  Funke,  in  Hermann's  Handb.  d.  Physiol.,  HI.,  ii.,  p.  892  f. 

*  Comp.  Bernstein,  TLe  Five  Senses  of  Man,  p.  81  £.    New  Ttnrk,  1876. 

■  Phjsiolog.  Psychologie,  il,  p.  10. 
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npoD  Qriginal,  anatomical,  and  physiological  differences,  but  also 
upon  other  pecnliarities  of  the  individual,  upon  habit,  and  upon 
association  with  each  other  and  with  other  spatial  series  of  sensa- 
tions of  the  skin. 

§  24.  Difficulty  has  been  found  in  assigning  a  condusiTe  reason 
why  the  different  areas  of  the  skin  should  differ  so  greatly  in  the 
fineness  of  their  capacity  for  making  local  distinctions.  In  the  yiew 
of  Lotze,'  this  difference  is  chiefly  due  to  the  varying  character  of 
the  areas  of  the  skin,  with  respect  to  richness  in  nerve-fibres,  thick- 
ness and  so  sensitiveness,  support  and  tension  according  as  the 
skin  is  stretched  over  underlying  soft  or  hard  parts — fat,  muscle, 
tendon,  bone,  etc  Doubtless  all  such  influences  enter  into  the 
determination  of  that  mixture  of  feeling  which  characterizes  the  lo- 
cal signs  of  the  skin.  The  theory  suggested  by  Yierordt,*  on  the 
basis  of  experiments  made  by  himself  and  his  pupils,  should  also 
be  mentioned.  This  investigator  concluded  that  the  fineness  of 
the  sense  of  locality  belonging  to  any  area  of  the  skin  increases 
in  direct  proportion  with  the  distance  of  that  area  from  the  axes 
about  which  it  is  rotated.  The  relative  fineness  of  the  organ's  local 
sense  is  a  function  of  its  mobility.  Thus  an  uninterrupted  increase 
of  the  power  of  localization  exists  in  the  arm  from  the  acromion 
to  the  tips  of  the  fingers ;  an  increase  of  its  movableness,  on  the 
whole,  also  exists.  If  a  value  of  100  be  assigned  to  the  power  of 
discrimination  exercised  at  the  acromion,  151  will  represent  that  of 
the  upper  arm,  272  that  of  the  lower  arm,  659  of  the  hand,  2,417 
of  the  thumb,  and  2,582  of  the  tips  of  the  fingers.  In  estimating 
the  relative  movableness  of  these  different  parts,  it  should  be  re- 
membered that  they  not  only  all  move  in  an  enlarging  circuit  from 
the  shoulder- joint  down'^rard,  but  that  each  of  them  from  the  el- 
bow-joint downward  has  its  specisd  increased  circuit  and  more 
numerous  forms  of  motion. 

But  even  if  Vierordt's  law  could  be  strictly  demonstrated  for 
every  portion  of  the  body,  its  meaning  would  have  to  be  translated 
into  other  terms  in  order  to  be  of  any  real  service  to  psychology. 
It  is  therefore  suggested  by  Funke  '  that  the  increased  power  of 
discrimination  which  belongs  to  the  more  movable  areas  of  the 
skin  is  really  due  to  the  superior  facility  which  they  thus  have  for 
exercise  ;  it  therefore  falls  under  the  law  of  habit.  Furthermore 
— as  we  have  occasion  to  remark  concerning  many  similar  functions 

'  See  Medicin.  Psychologie,  p.  405  f. 

«  Pfluger's  Archiv,  1869,  ii.,  pp.  297  ff.  ;  and  Zeitachr.  f.  Biologie,  VI.,  VII., 
IX,X.,XI.  ' 
*  Hermann's  Haadb.  d.  Physiol.,  IIL,  ii.,  p.  884. 
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of  the  mind  in  correlation  with  the  nerroas 
of  acquired  habit  is  not  limited  to  the  ezperienee  of  the  indiyidnal ; 
it  belongs  also  to  the  race.  The  superior  fineness  of  local  sense  io 
some  parts  of  the  body  may  therefore  be  regarded  as  largely  na- 
tlTe  to  the  individual. 

§  25.  The  Tiew  which  mnsi  be  taken  of  Weber's  ''  sensation-cir- 
cles,'* and  of  the  entire  subject  of  the  localization  of  areas  of  prest- 
ure  on  the  skin,  has  been  largely  changed  by  the  recent  experi- 
ments of  Gbldscheider '  and  othera    We  have  already  seen  (p 
346  f.)  that  this  experimenter  distinguishes,  more  carefully  than  has 
hitherto  been  done,  the  sensations  of  pressure  from  other  closely 
allied  sensations  coming  through  the  same  organ.     The  finest  point, 
when  it  touches  a  ''  pressure-spot,"  produces  a  sensation  of  pressure, 
and  not  one  of  being  pricked  ;  but  touching  other  spots  does  not 
produce  a  sensation  of  pressure  at  alL     It  must  be  held,  then,  that 
the  sensations  produced  by  laying  a  single  blunted  dividers'  point 
upon  the  skin,  as  in  Weber's  classical  experiment,  are  really  veiy 
complex,  and  are  composed  of  the  sensations  from  several  pressure- 
spots  blended  with  other  sensations  from  the  rest  of  the  same  am 
not  covered  by  the  pressure-8pot&     The  fineness  of  discriminatioo 
possible  in  any  area  of  the  skin  depends,  then,  upon  how  all  tiie 
points  irritated  stand  related  to  the  specific  pressure-spot&    Oold- 
scbeider  finds  that  only  when  two  irritating  points  touch  two  press- 
ure-spots are  they  /^//  as  two.     But  when  one  of  the  points  touches 
a  pressure-spot,  and  the  other  touches  some  place  in  the  contiguons 
area  of  skin  which  is  free  from  such  spots,  the  two  points  are  not 
both  felt ;  in  this  case  only  the  one  resting  on  the  pressure-spot  is 
felt 

Moreover,  the  impression  of  being  doubly  touched  may  be  ex- 
cited by  the  points  when  lying  much  nearer  together,  in  case  they 
rest  upon  pressure-spots  that  belong  to  two  different  chains  of 
such  spots  than  when  both  spots  belong  to  the  same  chain.  This 
is  to  say,  pressure-spots  thus  located  have  a  high  degree  of  sensitive- 
ness. Still  further,  the  minimum  distance  required  to  produce  a 
sensation  of  being  touched  twice  is  surprisingly  small,  when  one  of 
the  touching  points  rests  upon  a  pressure-spot  from  which  the 
chain  mdiates  or  at  which  it  makes  a  sharp  bend. 

The  table  of  minimum  distances  at  which  two  points  can  be  felt 
as  two,  when  the  exact  nature  of  the  area  of  the  akin  on  which  we 
are  experimenting  is  known,  and  everything  made  as  favorable  as 

'  On  this  subject,  see  Goldscheider,  Archiv  f.  Anat  a.  Physiol.,  FhyiAotag- 
Abth.,  18b5,  Supplement-Band,  pp.  1-104 ;  especially,  p.  84  f. 


DIRSOnOK  OF  THE  PRESSURS-SPOTS. 


411 


possible,  consists  of  nambers  very  much  reduced  from  those  of 
Weber.     Following  are  some  etisttoos  from  Qoldscheider's  table  : 


Put  of  the  body.  mm. 

Back   4-6 

Breast 0.8 

Forehead 0.5-1.0 

Cheek 0.4-0.6 

Nose  and  chin 0.3 

Upper  and  lower  arm 0.5-1.0 


Put  ol  tb 

Back  of  hand  at-a.6 

I.  and  n.  phalanges  (volar). .  0.2-0.4 
I.  and  n.  phalanges  (dorsal)..  0.4-0.8 

Upper  leg 8.0 

Lbwer  leg 0.8-2.0 

Back,  and  sole  of  foot 0^1.0 


From  the  foregoing  data  it  would  seem  to  follow  that,  as  the  con- 
struction and  relation  of  the  chains  of  pressure-spots  differ  in  the 
different  areas  of  the  body,  so  will  our  sense  of  locality  change. 
The  number,  sensitiveness,  and  direction  in  the  chains  of  these 
spots  determine  the  sensitiveness  of  a  given  area.  Moreover,  our 
perception  of  the  size  and  shape  of  objects  in  contact  with  the  skin 
depends  upon  the  same  conditiona  This  can  be  shown  in  an  as- 
tonishing way  by  comparing  the  apparent  direction  which  the  out- 
lines of  any  small  body  moved  across  the  skin  seem  to  assume  with 
the  way  the  pressure-spots  are  located  in  the  different  areas  through 
which  it  is  moved.  If  the  curve  of  the  chain  of  pressure-spots,  for 
example,  bends  in  the  reverse  direction  from  that  of  the  outline  of 
the  body  moved,  the  effect  may  be  to  make  this  outline  curve  ir- 
regularly or  even  straighten  it  out. 

It  need  scarcely  be  said  that  Goldscheider  regards  the  true  ex- 
planation of  these  phenomena  to  lie  in  the  anatomical  distribution  of 
the  specific  nerves  of  sense  in  the  different  areas  of  the  skin.  How- 
ever this  may  be,  it  is  certain  that  our  sensations  of  pressure  are 
primarily  "punctiform,"  and  afterward  massed  into  a  tactual  continu- 
um ;  and  that  what  we  primarily  know  is  not  the  extended  object  as 
such,  but  our  sensations  of  pressure  which  are  afterward  objectified. 

§  26.  Closely  connected  with  the  foregoing  is  the  difference  in 
power  of  different  parts  of  the  skin  in  giving  to  the  mind  data  for 
discriminating  the  fact,  the  amount,  and  the  direction  of  motion 
in  contact  with  the  body.  Upon  this  point  the  experiments  of  G. 
Stanley  Hall  *  are  of  special  interest  These  experiments  seem  to 
show  that  we  are  more  likely,  when  in  doubt,  to  judge  motion  on 
the  surface  of  the  limbs  to  be  up  rather  than  down  their  axis ;  on 
the  breast,  the  shoulder-blades,  and  the  back,  the  tendency  is  to 
judge  motion  to  be  toward  the  head.  The  discriminative  sensi- 
bility of  the  skin  for  motion  is  much  greater  than  that  for  sepa- 
rate touch,  as  determined  by  Weber's  experiments.     Tbus,  while  at 


1  Motor  Sensations  on  the  Skin,  hy  Professor  G.  S.  Hall  and  Dr.   H.  H. 
Bonaldflon,  in  Mind,  October,  1885,  pp.  507  ff. 
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least  a  distance  of  25  mm.  between  the  diTidera*  pointB  was  needed 
on  the  Tolar  surface  of  the  right  arm,  in  order  to  perceive  them 
as  two  points,  both  the  fact  and  the  direction  of  motion  could  be 
discriminated  at  an  average  distance  of  between  6  and  7  mm.  In 
judging  the  rate  and  distance  of  motion  over  the  akin  the  liafaQ* 
ity  to  error  is  alwajs  great ;  but,  as  a  rule,  distances  rapidly  trav- 
ersed are  judged  to  be  relatively  shorter  than  the  same  distances 
more  slowly  traversed.  Inasmuch,  however,  as  the  judgment  of 
motion  on  the  left  arm  was  expressed  by  reproducing  the  rate 
and  distance  with  the  right  hand,'  we  have  a  double  liability  to 
error  involved  in  regulating  the  muscular  movement  of  this  hand 
by  means  of  its  series  of  muscular  and  tactual  sensations. 

Hall  found  the  motor  sensibility  of  different  parta  of  the  sar£ice 
of  the  skin  to  be  different ;  but  the  differences  do  not  appear  io^ 
correspond  to  those  belonging  to  Weber's  sensation-circle&    Th^ 
average  distance,  in  millimeters,  which  a  metallic  point  of  12  mm. 
in  diameter  could  move  over  the  skin  at  a  rate  of  2  mm.  per  second 
before  a  judgment  of  direction  could  be  formed  was  found,  for  one 
subject  of  experiment,  as  follows:  forehead,  0.20;  upper  arm,  0.40; 
forearm,  0.44  ;  shin,  0.60 ;  palm,  0.74 ;  back,  0.85.     Motion  can  be 
produced  so  slowly  as  not  to  be  discriminated  at  all,  even  when  the 
body  in  contact  has  really  moved  from  6  to  12  centimeter&    It  can 
also  be  produced  so  rapidly  as  to  make  it  impossible  to  tell  when  it 
begins  and  when  ends.     Heavy  weights  seem  to  move  faster  than 
light  ones  going  at  the  same  rate ;  but  here  other  sensations  are 
called  out  by  the  deep  pressure,  and  combined  with  those  of  con- 
tact.    Hall  concludes  that  heat-spots  and  cold-spots  traversed  by 
the  moving  body  are  of  great  service  in  judging  motion  and  its  di- 
rection on  the  skin  ;  the  cold-spots  more  than  the  heatspots,  "b^ 
cause  of  the  fainter  sensation  and  wider  irradiation  '*  of  the  latter. 

Further  experiments  with  a  travelling  metallic  point  that  carried 
the  stimulus  of  an  electrical  current  over  the  surface  of  the  skin 
showed  an  astonishing  diversity  of  sensations  developed  at  different 
points  of  the  area  thus  traversed.  Points  of  cutting  pain,  "  thrill- 
poiuts,"  "  tickle-points,"  "  acceleration-points  "  (or  places  where  the 
rate  of  motion  seems  suddenly  to  increase  without  any  real  change 
in  the  speed  of  the  moring  metal),  "  blind-points  "  (or  spots  where 
all  impression  of  contact  is  momentarily  lost),  are  all  to  be  differen- 
tiated. Yet  the  sharp  differentiation  of  these  sensations  is  ren- 
dered difficult  by  the  fact  that  the  various  kinds  are  so  impacted 
and  run  together,  in  a  tangle  of  sensation.  The  experimenters  ata) 
speak  as  though  many  dermal  sensations  may  thus  be  partially  dit- 

>  Hind,  October,  18^,  p.  664  f. 
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entangled,  for  the  description  of  which  language  famishes  no  ade- 
quate termsL    All  these  facts  agree  exceedingly  well  with  the  theory 
of  local  signs  already  proposed.    These  dermal  signs  are  complex 
"mixtures"  of  feeling,  which  give  to  each  discernible  locality  a 
characteristic  local  stamp.     The  fact  that  our  sensibility  to  motion 
is  so  much  greater  in  each  area  of  the  skin  than  our  susceptibility 
to  the  distance  of  stationary  points  accords  with  the  same  theory. 
Our  ability  to  localize  the  dermal  sensations  is  dependent  upon  the 
degree  and  rate  of  the  changes  in  the  color-tone  of  these  sensations. 
Hall  is  undoubtedly  right  in  holding  that,  by  mouing  the  touching 
surface  over  the  surface  touched,  we  do  not  simply  multiply,  but 
also  diversify,  our  data  for  filling  up  the  dermal  blind-spots  and 
judging  the  nature  of  impressions. 

§  27.  The  localizing  of  sensations  of  temperature  in  the  skin  is, 
in  principle,  the  same  as  that  of  sensations  of  light-pressure  or  of 
motion.  The  former,  however,  are  in  all  our  ordinary  experience 
interwoven  with  the  latter  ;  they  therefore  have  the  help  of  the  lat- 
ter in  getting  a  place  assigned  to  them  in  the  periphery  of  the 
body.  Beesnt  researches,  already  i*eferred  to  (Chap.  lY.,  §  22),  dem- 
onstrate the  fact  that  the  relative  number  and  arrangement  of 
heatHspots  and  cold-spots  is  different  for  different  areas  of  the  skin. 
Gk>ld8cheider  *  has  experimented  to  determine  how  far  apart  the 
heat-spots  and  cold-spots  must  be,  respectively,  in  order  tliut  two 
of  them,  when  stimulated,  may  he  felt  as  two.  Both  kinds  of  sen- 
sations are  localized,  not  as  points,  but  as  minute  warm  or  cold 
drops  in  contact  with  the  skin.  By  the  following  table,  which 
gives  the  minimum  distances  for  different  areas  of  the  body,  it  ap- 
pears that  the  sense  of  locality  connected  with  the  cold-spots  is 
about  twice  as  fine,  as  a  rule,  as  that  connected  with  the  heat-spot& 
The  distances  are  given  in  millimeters. 


Ftirt  of  the  body. 


Forehead,  cheek,  and  chin 0.8 

Breast 2.0 

Abdomen 1-2 

Back 1.5-2.0 

Upper  arm I  1.5-2.0 

Lower  arm , 2-3 

Hollow  of  the  hand |        0.8 

Back  of  the  hand,  and  upper  and  lower  leg 2-3 


Cold-Bpotci.    '  Heat-Bpota. 


3-5 
4-5 
4-6 
4-6 
2-3 
2-3 
2.0 
3^ 


*  ArehSv  1  Anat  n.  PhysloL,  Phjsiolog.  Abth.,  1885,  Supplement-Baud,  pp. 
70  ff. 
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Some  basis  seems  to  be  laid  in  the  foregoing  fiusts  for  a  system 
of  local  signs  of  the  skin,  that  consist  in  a  mixture  of  oolor-tones  of 
temperature-sensations.     Yet  sensations  of  heat  or  cold,  in  them- 
selves considered,  di£fer  chiefly,  if  not  whoUy,  in  intensity.    In  them- 
selves, therefore,  they  are  not  well  fitted  to  constitute  a  so-called 
''  spatial  series  *'  of  sensations.    If,  for  example,  a  certain  area  of 
the  skin  be  stimulated  simultaneously  by  both  heat  and  cold,  at 
points  too  near  together  to  be  distinguished  by  touch,  the  result  is 
neither  a  modification  of  one  sensation  by  the  other  nor  a  localizing 
of  the  two  sensations  as  lying  closely  side  by  side.'     A  wavering  ol 
perception  rather  takes  place,  similar  to  the  strife  of  colors  in  vi- 
sion ;  the  experience  is  as  though  the  skin  were  being  touched  vnth 
a  single  body  alternately  hot  and  cold.     Klug  also  found  that  the 
least  observable  distance  between  two  points  touching  the  skin  at 
the  same  time  depends  upon  their  temperature  relative  to  that  of 
the  skin.    The  medium  value  of  this  distance  is  reached  when  these 
points  have  a  temperature  of  20°-40°  C.  (68**-104'*  Fahr.) ;  it  dimin- 
ishes  on   either  raising  or  depressing  their  temperature  greatlj 
above  or  below  the  zero-point  of  the  skin.     The  fineness  of  oar 
sense  of  locaUty,  as  well  as  of  our  sensitiveness  to  motion  (compi 
§  25),  is  increased  by  exciting  sensations  of  temperature  up  to  the 
|x)ifit  where  pain  intervenes.     But  the  localizing  of  these  sensatioDS 
is  pnmarily  dependent,  to  a  great  extent,  upon  their  connection 
with  localized  sensations  of  touch.     If  we  bring  two  parts  of  the 
skin,  that  differ  considerably  in  temperature,  into  contact — for  ex- 
ample, a  cool  liand  and  warm  forehead,  or  a  cool  liand  and  a  varm 
one — it  is  often  difficult  by  strict  attention  to  the  sensations  of  tem- 
perature alone  to  tell  which  part  is  cooler,  which  warmer.    The 
difficulty  is  doubtless  largely  due  to  the  fact  that  each  part  vhidi 
feels  the  temperature  of  the  other  is  also  changing  its  own  tem- 
perature in  the  direction  of  the  temperature  of  the  other.    It  is 
therefore  induced  to  feel  itself,  as  it  were,  as  being  of  the  tempera- 
ture of  that  other.     A  confusion  of  the  data  for  judgment,  accord- 
injjjly,  tukes  place.     Any  localization  of  the  sensations  which  occurs 
uiKkr  such  circumstances  is  largely  dependent  upon  secondary  con- 
siderations, and  especially  ujxjn  the  direction  of  the  attention. 

AfVe  judjjfe  of  depth  by  sensations  of  temperature,  indirectly,  and 
through  our  ability  to  remove  or  change  the  intensity  and  locahtj 
of  these  sensations  by  changing  the  position  of  the  body  in  space 
as  related  to  what  we  know  to  be  hot  and  cold  bodies  or  sunoond- 
ing  media. 

'  See  Czermak,  Sitzgsber.  d.  Wiener  Acad.,  March,  1855,  p.  500;  oo&flmMd 

by  Klug  aud  uihers. 
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I  of  the  I 


**» 


sunae  constitute 
lich  combiocH  with  llie  foregoing  in  tbo 
le  ptiHpliery,  uuil  of  eitvnial  objects  09 
t  known  as  in  contact  with  the  boily.  lu- 
I,  it  Is  upon  Ihi*  porticnliir  aj'st«ni  of  ]o<-4il  signs  tlint  tlio  mind 
••  ^sIubAt'  deptotltut  fur  iU  Jalu— other  tliau  the  visuiil—in  tlie 
^>«»UMtie  construction  of  its  preBentations  of  botliea  that  fltarnJ  re- 
**'^^>d  to  each  other  iii  three  ilimeiiBions  in  objective  space.  Tlirce 
f  tw>ut«l  tlieoriea  have  been  held  as  to  the  uatuie  of  the  no-i'ttlled 
'»>«»^wnl«r  Moaations:  (1)  So  far  as  they  are  not  tactual,  they  are  to 
P*  y—uhwi  into  "  central  feelings  of  iunervattou,"  which  differ  only 
>  »1lwwity  anil  not  in  specific  quality,  and  wliich  result  from  the 
i&g  muremcnt  of  the  Ixitlily  organs,  tliat  Uikv  jilocn 
»  bnin  ■■  correlal«d  with  imimlscs  of  the  will  (mj  WuudI,  and 
n) ;  <3)  tbvjr  ore  not  specific  sensations,  but  are  due  to  iuterpre- 
•U  of  tbOM  feeliogs  in  the  skin  which  originate  on  account  of 
hmgw  of  pontion,  tension,  etc.,  as  the  underlying  niusclea  are 
B(I  (ao  ScfaUr,  mud  others) ;  (3)  tliey  nre  specific  sensations  do- 
Unt  GO  •  apecdfio  uerve-appanttus  of  tteiise,  which  has  its  eud> 
IDS  ID  ths  mtiscle-fibro,  and  which  is  excited  by  the  contraction 
Us  Utter  in  a  manner  dependent  upon  the  kind,  amount,  ntul 
~~      ~  I  of  th«  tsuacolor  movement  taking  place  (so  Bell,  Weber, 

I,  and  utbm). 

^K**  h^Tft  alrendy  given   certain  reasons  for  rejecting  the  firat 

'^    >  and  acoBpting  Uie  liut  of  the  foregoing  views  (sov  p.  344  f.) ; 

r  neaona  will  hn  nn^ntioncd   sulNwijuenlly  in  diitcnssing  the 

"feetltig  of  tnuervaUun"  or  of  "active  energy."    The 

M.  like  all  the  other  BrnscTS  which  contribute  to  our 

s  of  objects  extended  in  Hpaoe,  ap)>eara  to  have  its  owu 

-  ~  — .^  o(  loKsl   sigtkBL     The  muscular  sensations   are  i/uahlativ^tf 

^^^■1  not  inei«lj  <|uanlilativrly)  different,  acconling  to  the  contbi- 

^^tion  of  the  niuades  moviH),  luid  according  to  the  exleuaion  over 

***•  nraaralar  area  of  the  stimulus  inipartc«l  to  the  sensory  n^Tve- 

^t^ua  aituatml  in  tli«   musi'le  by  tho  changing  condition    of  the 

*^tter  ■•  it  cootraclii  and  relaxes.     The  aerica  of  sen aat ions —with 

^ll   tlM  n«ahtie»  of  rapid  and  nii^a   gnuUtions  which  b«long  to 

"^paitiii  series"  of  seDaatlona— called  out  by  moving  one  lioih  dif- 

W«  from  that  caUsd  out  by  moring  another  limb.    At  ench  step  in 

tW  tuiag  oi  tbtle^— for  evuuplo— tile  Aolor-toue  of  the  muacular 

liB^Hiiiis  has  a  ipeeific  quality  and  value  as  a  lo<ud  nign.  in  our 

miMi  iiiiiBiiSM.  uf  the  pocilioD  of  Ute  meniWr.     Thu  mmv  thins  ^ 

InM  of  Uie  lieiKiing  arm,  back,  or  atngle  toe  or  finger.     Tbeae  sen- 

'  ,  and  tmfa  ineitricably,  combined  witb  the 
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spatial  aeries  of  specifically  dermal  aenaations ;  bat  in  Ibenmlfea 
they  have  a  different  quality,  and  are  not  localised  aimply  at  the 
surface  of  the  body.  As  the  extent  of  the  drcnit  of  motion  gone 
through  by  any  limb  increases,  or  the  intensity  of  the  atndn  be- 
comes greater,  the  quality  of  the  nuuu  of  resulting  mnscolar  sensa- 
tions is  perpetually  changing.  These  sensations  are,  accordingly, 
localized  over  a  broader  area  of  the  body  and  deeper  in  its  sab- 
stance,  as  it  were.  Everyone  knows  what  new  mixtorea  of  aensa 
tion  are  produced  in  eonadiouanesB  by  calling  into  Tigoioaa  ezcf^ 
cise  the  unused  more  deeply  i^ing  nmaelea  of  the  body.  Bain'  his 
discussed  these  sensations  at  great  length  and  with  eonunenda- 
ble  acuteness.  But  the  apparent  assumption  that  tfaeae  portua- 
lar  sensations  can,  by  being  associated,  acquire  of  themaehres  the 
quality  of  extension  in  space,  and  the  accounting  for  all  our  other 
perceptions  of  spatial  qualities  and  relations  as  merely  aeoondaiy 
and  symbolic  of  the  associated  muscular  sensationa,  are  in  plain 
contradiction  of  established  psychological  facts  and  principlea 

The  muscular  sensations  also  assist  the  more  strictly  tactual  ia 
discriminating  locality  for  all  cases  where  the  pressure  upon  the 
skin  exceeds  a  certain  small  degree  of  intensity.     In  strong  contact 
or  heavy  pressure  the  sensory  nenres  of  the  underlying  moade  are 
excited ;  we  have  the  feeling,  not  simply  of  being  touched,  bat  also 
of  being  pressed.     The  combination  of  these  two  spatial  aeries 
gives  to  the  mind  a  doubly  constituted  system  of  local  signs ;  hence; 
as  the  experiments  of  G.  Stanley  Hall  *  show,  our  judgment  of  dh 
rection  of  motion  is  quicker  as  the  weight  resting  on  the  skin  ii 
increased  up  to  the  limit  where  other  disturbing  sensations  i 
vene.     The  superior  discriminating  power  which  any  member 
the  body  has  when  permitted  to  move — that  is,  to  call  forth 
miliar  series  of  muscular  sensations — is  largely  due  to  the  hdp 
which  the  local  signs  of  this  system  render  to  the  mind.     When 
the  particular  member  (the  hand)  which  is  capable  of  the  nicest 
tactual  discrimination  is  also  permitted  to  move  over  an  object 
freely,  and  to  acquire  abundant  data  from  all  the  sources  described 
above,  we  have  fulfilled  the  most  advantageous  conditions  for  tbe 
utmost  nicety  of  knowledge  possible  to  ''touch,"  in  the  wideei 
meaning  of  the  worci 

§  29.  It  is  unnecessary  to  illustrate  in  further  detail  the  proem 
by  which  the  mindy  with  its  native  synthetic  actirity,  and  with 
tbe  help  of  qualitatively  different  sensations,  constructs  its  ftdd  (f 

<  The  Souses  and  the  Intellect,  especially  pp.  57-100,  336-348,  and  964- 
898. 
«  Mind',  October,  1885,  p.  567. 
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iovdi.  To  multiply  instances  would  neither  explain  the  ultimate 
mystery  which  entcors  into  the  processes  of  "  localization  "  and  "  ec- 
centric projection "  by  touch,  nor  add  materially  to  our  compre- 
hension of  known  psycho-physical  principlea  The  muscular  sense 
may  probably  be  said  to  hare  the  leading  position  in  the  dcTelop- 
ment  of  the  perception  of  spatial  objects  and  relations,  so  far  as 
attainable  without  the  aid  of  sight  Perceptions  of  the  magnitude, 
distance,  and  primary  spatial  qualities— such  as  the  extension  and 
inertia — of  material  things  are  largely  dependent  upon  associated 
sensations  of  the  muscular  sense,  although  these  perceptions  cannot 
be  said  to  be  mere  compounds  of  such  sensations  with  secondary 
and  symbolic  sensations  of  other  kinds  added  to  them.  The  activ- 
ity of  the  hand,  as  it  moves  over  various  surfaces  of  the  body,  either 
touching  them  itself  or  carrying  vnih  it  something  with  which  these 
surfaces  are  touched,  early  combines  with  the  different  series  of 
muscular  sensations  other  spatial  series  of  tactual  sensationa 

The  localization  of  certain  points  in  the  area  of  the  body  which 
are  of  marked  local  characteristics,  and  frequently  recurrent  in  ex- 
perience, is  the  first  achievement  in  constructing  the  field  of  touch. 
To  these  landmarks,  as  it  were,  other  points  or  areas,  subsequently 
discovered,  are  referred.  One  hand  learns  to  know  the  other ;  the 
Tight  hand  chiefly  explores  the  left  arm  and  side  and  the  upper  right 
leg  ;  the  left  hand,  the  right  ai*m  and  side  and  the  upper  left  leg. 
The  finger-tips,  especially  of  the  right  hand,  have  an  office  similar 
to  that  performed  by  the  yellow-spot  of  the  retina ;  they  are  the 
centre  or  hearth  of  clear  perceptions  of  touch.  But  in  order  to 
bring  them  to  their  object  they  must  be  moved  ;  through  this  mo- 
tion fresh  combinations  of  muscular  and  tactual  sensations  result 

§  30.  But  long  before  the  entire  field  of  touch  has  been  con- 
structed with  any  considerable  approach  to  completeness,  the  eye 
has  already  explored  those  parts  of  the  body  which  are  open  to  its 
inspection.  It  learns  first  to  know  the  hand,  which  nature  keeps 
constantly  in  motion  before  it  As  objects  rest  on  the  hand,  it 
notes  the  place  where  they  rest ;  with  its  perceptions  of  sight  cer- 
tain combinations  of  tactual  sensations  thus  become  associated.  As 
the  hand  moves  over  other  objects,  or  especially  over  the  other  parts 
of  the  body,  the  eye  marks  its  successive  progress ;  combined  sen- 
sations of  muscular  and  tactual  kind  ore  thus  associated  with  each 
position  of  the  hand  and  with  each  area  of  the  body  which  it  touches. 
Very  early  in  the  development  of  a  normal  experience  the  eye  comes 
to  be  the  leader  and  critic  of  the  discriminations  connected  with 
the  muscular  and  tactual  sensations.  Its  power  of  rapid  movement 
over  itp  total  field,  and  its  delicate  judgment  on  account  of  the 
27 
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finely  Bhade<I  complex  local  signs  which  it  caDs  forth  with  a  eom- 
prebensiTe  aimultaneousnesB,  give  a  great  saperiority  to  the  organ 
of  Tision  as  a  geometrical  sense.  The  results  of  such  saperimitj  it 
constantlj  places  at  the  disposal  of  the  more  slowly  moving  and 
less  delicate  sense  of  touch.  For  this  reason,  one  bom  Uind  can 
never  attain  the  same  quality  (of  ''comprehensive  simiiltaiieoas- 
ness  ")  for  his  spatial  intuitions  and  ideas  of  spatial  relationa ;  even 
the  field  of  touch,  in  spite  of  the  greater  refinement  which  the 
muscular  and  tactual  sensations  of  such  an  unfortunate  peison  ac- 
quire through  use,  cannot  possess  this  quaUty  as  it  is  imparted  by 
the  eye. 

The  familiar  experiments  of  trying  to  estimate  the  aise,  shi^ 
and  relation  of  objects,  the  amount  and  direction  of  motiony  etc., 
when  blindfold,  show  our  dependence  upon  the  organ  of  sight  It 
must  not  be  forgotten,  however,  that  the  discriminations  possible 
through  the  muscular  and  tactual  sensations  alone  are  wonderfully 
exact ;  and  that  in  certain  circumstances  touch  has  sight  at  a  dis- 
advantage, as  it  were.  Thus  the  player  on  the  violin  who  should 
adjust  his  spacing  of  the  strings  by  the  sensations  of  the  eye,  with 
the  unaccustomed  and  unfavorable  perspective  made  necessary  by  ^^^«y 
its  position  in  relation  to  the  left  hand,  would  not  attain  the  art  of  S'^^f 
making  true  and  pure  tone& 

g  31.  Among  the  most  complex  perceptions  of  which  the  skincxi^ 
and  muscles  by  their  combined  action  are  capable  are  the  so-callecK^gjj 
*'  feeliugs  of  double  contact"  It  is  largely  by  n^ieans  of  these  iee^^^^ 
ings  that  skill  is  acquired  in  the  use  of  tools,  weapons,  and 
cal  instruments  In  these  cases  the  process  of  projection  goes 
far  tbat  we  seem  to  feel  the  object  with  which  the  implement  is  i' 
contact,  not  so  much  in  the  hand  (the  feeUngs  of  contact  beic  —  ^ 
located  these),  by  the  external  means  of  the  implement,  but  rathsEE*-?* 
as  ourselves  being  in  the  implement  and  using  it  as  a  sentient  ^ptLx-t 
of  the  orgunism.  The  carver  in  wood  feels  his  chisel  move  throug^if 
tbe  stuff  be  is  shaping,  and  guides  it  as  unerringly  as  he  would  his 
finger,  so  as  to  lay  it  with  a  given  degree  of  pressure  upon  a  giveo 
spot.  AfVe  are  all  familiar  with  tbe  experience  of  feeling  tbe  grouud 
we  are  about  to  tread,  with  a  cane  or  other  stick.  If  the  fingers  be 
lightly  brushed  over  tbe  hair  wben  it  stands  out  from  tbe  bead,  it 
will  be  difficult  to  localize  tbe  sensations  of  pressure  at  tbe  scalp 
rather  than  in  the  hair.  We  feel  tbe  touch  of  our  finger  at  tbe  end 
of  tbe  tootb,  where  the  contact  takes  place,  instead  of  where  the  i 
sensory  nerves  really  receive  the  stimulus  and  convert  it  into  a 
nerve-commotion 

Tbe  management  of  the  implement  is,  of  course,  really  made 
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possible  by  ddioate  changes  in  the  shades  of  feeling  called  out  by 
its  changing  pressure  upon  the  nerves  terminating  in  the  skin  and 
muscles  of  the  hand,  and  by  the  accompanying  feelings  of  strain 
and  of  effort  that  result  from  the  movement  of  the  arm  which 
carries  the  hand.  These  feelings  are  aroused  by  the  end  of  the 
implement  which  is  in  contact  with  the  body,  and  are  primarily 
localized  in  that  part  of  the  body;  but  they  are  felt  through  a 
more  artificial  and  elaborate  process  of  localization,  as  though  di- 
xectly  dependent  upon  the  other  end  of  the  implement.  Upon  the 
aesthetic  and  pleasurable  uses  of  these  feelings  of  double  contact 
liotze  '  has  remarked  at  length. 

At  this  point  the  further  discussion  of  the  development  of  our 
presentations  of  sense  in  general  must  be  arrested,  in  order  to  con- 
sider more  in  detail  the  activities  of  the  other  great  "  geometrical 


Hense." 


1  See  BfioroooBmu,  L,  pp.  586  if.    Edinburgh,  1885. 


CHAPTER  Vn. 

THE  PRESENTATIONS  OF  SENSE.    [OonmrrBix] 

§  1.  The  application  of  the  general  prindplee  which  control  the 
development  of  our  presentations  of  sense  to  the  particular  ease 
of  the  eye  has  many  peculiar  difficultiea  The  physiological  pej- 
chology  of  visual  perception  is,  therefore,  a  much  controTerted  isd 
very  obscure  domain.  This  fact  is  doubtless  in  part  due  to  the 
amount  of  experimenting  and  speculating  which  has  been  be- 
stowed upon  it  For  here,  as  elsewhere  in  scientific  research,  one 
chief  result  of  extended  examination  is  to  raise  unanswered  in- 
quiries. Peculiar  difficulties,  however,  are  intrinsic  in  the  case  of 
the  eye.  These  are  due  to  the  great  complexity  of  its  natiTe 
activities,  and  to  the  speed  with  which  it  reaches  a  generons 
maturity  of  development  Nature  has  equipped  this  organ  with 
superior  means  for  furnishing  to  the  mind  a  variety  of  data,  as 
respects  both  quantity  and  quahty,  for  the  nicest  discriminations ; 
it  has  also  provided  it  with  such  constant  stimulation  as  to  caose 
it  to  acquire  an  incomparable  faciUty.  But  the  character  of  its 
structure,  functions,  and  development  is  such  as  to  make  expeii- 
ment  difficult  in  a  way  to  disentangle  the  simple  factors  from  those 
complex  forms  into  which  the  synthetic  activity  of  the  mind  has 
constructed  them. 

§  2.  It  is  affirmed  by  one  authority  *  that  no  less  than  eight 
different  data,  or   motifs,  are   used  in   monocular  vision  by  the 
adult  for  perceiving  the  third  dimension  of  space  and  of  Tisoal 
objects  in  space.    These  are  the  changes  with  respect  to  (1)  extent 
and  (2)  clearness,  of  the  complex  of  the  sensations  of  color  and 
light,  as  dependent  on  distance  ;  (3)  the  perspective  elevation  of 
the  bottom  of  distant  objects  above  the  horizon ;  (4)  the  covering 
of  known  distant  objects  by  those  placed  nearer  ;  (5)  the  alter- 
ations of  light  and  shadow  on  the  curved  surfaces  of  the  objeet, 
according  as  tbey  are  nearer  or  more  remote  ;  (6)  the  perspective 
contraction  of  the  retinal  image  ;  (7)  the  change  of  the  visor  angle 
in  proportion  to  the  distance  of  the  object ;  (8)  the  muscular  aen- 

'  Volkmann  yon  Volkmar,  Lehrb.  d.  Payohologie,  II.,  p.  84. 
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sations  of  the  accominodation  of  the  eye.  To  these  eight  data,  two 
others  at  least  must  be  added  for  binocular  vision  ;  namely  (9),  the 
stereoscopic  double  images,  and  (10)  the  sensations  arising  from 
conTergence  of  the  axe&  These  ten  sets  of  variable  experiences  may 
be  combined,  of  course,  in  an  almost  infinite  variety  of  proportiona 

Moreover,  it  is  not  improbable  that  we  shall  have  to  admit  still  i 
other  data  as  entering  into  the  complex  perceptions  of  sight  The 
iactualy  as  well  as  muscular,  sensations  which  accompany  the  move- 
ment of  the  eyeballs  in  their  sockets  are  not  ineffective  in  giving 
grounds  for  judgment  in  certain  cases.  The  question  must  also 
be  raised  :  Do  not  the  visual  sensations  themselves  have  a  certain 
local  coloring  directly  dependent  upon  the  nervous  elements  of 
the  retina  which  are  excited  by  the  stimuli  ?  If  we  answer  this 
question  affirmatively,  we  shall  have  a  system  of  local  retinal  signs 
as  constituting  one  of  the  most  primary  of  the  spatial  series  of 
sensations  entering  into  the  space-perceptions  of  this  sense.  And 
after  all  this  cataloguing  of  data,  the  dispute  as  to  the  existence  of 
series  of  sensations  of  innervation  tliat  have  a  central  origin  and 
differ  only  in  intensity  as  directly  dependent  upon  so-called  acts  of 
will  (so  Wundt)  remains  unsettled. 

Several  of  the  data  just  enumerated,  however,  are  plainly  of  only 
secondary  rank  and  value ;  they  do  not  necessarily  enter  into  every 
preception  of  a  visual  object  as  such.  What  does  seem  necessary 
to  the  most  elementary  form  of  visual  perception  may  be  stated  as 
follows  :  Sensations  of  light  and  color,  differing  in  intensity  and  qual* 
Uy^  hut  simultaneously  present  in  consciousness,  must  be  systematically 
arranged  with  reference  to  each  other  by  being  localized  with  the  help 
of  retinal  signs,  and  associated  with  other  spatial  series  of  muscular 
sensations  that  arise  from  accommodation  of  the  eye  and  from  its 
motion.  The  complexity  of  the  combinations  arising  in  the  normal 
use  of  the  organ  of  vision  is,  of  course,  increased  by  the  fact  that 
there  are  tux)  eyes,  and,  therefore,  two  retinas  with  their  systems 
of  retinal  signs,  two  images  of  each  object,  and  two  sets  of  motions. 
But  the  two  eyes  are  (as  we  shall  see  subsequently)  in  a  certain 
sense  to  be  regarded  as  one  eye — certainly  as  constituting  one 
organ  of  vision.  So  that,  even  when  one  eye  is  closed,  the  other 
does  not  see  what  it  sees  without  being  influenced  by  the  closed 
and  relatively  inoperative  part  of  the  one  organ.  The  constancy 
with  which  the  eyes  act  together  explains,  in  part,  why  they  are  one 
organ  as  the  two  hands  are  not ;  but  the  frequency  with  which  we 
voluntarily  suppress  the  activity  of  one  eye  by  closing  it  explains, 
in  part,  why  they  are  not  one  organ  as  are  the  two  nostrils  or  the 
two  ears. 
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§3.  Could  we  select  an  adult  hnman  being  who  had  nerer 
and  proceed  to  develop  his  visual  perceptions,  ezperimentaUy,  in. 
the  direct  order  of  their  complexity,  we  might  possibly  rely  tqpon. 
his  description  of  his  experience  to  solve  certoin  problems  that  now 
seem  unsolvable.     We  should  wish,  before  either  eye  had  been. 
moved  when  open,  to  excite  the  nervous  elements  of  a  small  area  of 
one  stationary  retina,  and  to  ascertain  how  far  the  sensations  of  light; 
and  color  thus  excited  could  be  said  to  have  any  strictly  ^'  local  ** 
arrangement  with  reference  to  each  other.    We  should  then  wisih 
to  try  the  effect  of  combining  with  these  sensations  other  spatial 
series,  consisting  of  muscular  sensations  and  arising  from  the  ac« 
commodation  and  motion  in  its  orbit  of  the  same  eye.     FinaUy,  the 
intricate  process  of  putting  the  two  eyes  together — both  open  and 
both  moving — might  be  studied  in  detail     At  present,  however, 
it  is  quite  impossible  to  say  what  the  experience  of  the  subject  of 
such  experiments  would  be.     The  testimony  of  the  few  blind  per- 
sons whose  eyes  have  been  couched  is  so  meagre  and  unsatisfac- 
tory, on  account  of  its  failure  to  comply  with  the  conditions  of 
scientific  investigation,  that  it  can  be  used  only  to  confirm  oqd- 
elusions  arrived  at  on  other  grounds.     Nothing  remains,  then,  bat 
to  employ  the  data  which  physiological  optics  has  secured,  in  order 
to  make  a  theoretic  reconstruction  (confessedly  imperfect  and  doubt- 
ful) of  the  process  that  nature  is  all  the  while  successfully  com- 
pleting.    In  this  effort  we  naturally  follow  the  order  of  nature,  so 
far  as  possible  ;  we  begin  with  the  simplest  conceivable  case,  and 
proceed  from  it  to  the  explanation  of  the  amazing  complexity  vhich 
really  belongs  to  our  apparently  simple  daily  experience  of  vision 
with  two  trained  eyea     This  is  substantially  the  course  followed 
by  Wundt,'  who  finds  three  things  to  be  considered  in  explaining 
the  developed  perceptions  of  sight :  (1)  The  retinal  image  of  tb^ 
eye  at  rest,  and  the  motifs  which  it  furnishes  ;  (2)  the  single  eje 
as  moved,  and  the  influence  of  these  movements  ;  (3)  the  conditions 
furnished  by  the  existence  and  relations  of  the  two  eyes  exercis- 
ing  their  functions  in  common.     But,  in  reahty,  from  the  very  be- 
ginning of  its  activity  the  eye  is  in  motion,  and  acts  as  a  double 
organ. 

Corresponding  to  the  three  sets  of  considerations  just  mentioned, 
we  may  speak  of  three  fields  of  vision  which  are  to  be  constmcied 
in  the  order  of  their  complexity.  They  may  be  called,  respectively, 
the  retinal  field  of  vision,  the  field  of  monocular  vision,  and  the 
field  of  binocular  vision.  In  the  ''  retinal  field  of  vision  "  we  mean 
to  include  only  such  a  perception — or  mental  spatial  arrangement 

^  Physiolog.  PBychologie,  li ,  p.  62. 
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3f  sensations  of  color  and  light  as  points  lying  side  by  side— as 
eroold  be  presented  through  Uie  excited  expanse  of  nervous  ele- 
ments constituting  the  retina  of  one  motionless  eye,  in  case  there 
kiad  been  no  previous  vision  witii  both  eyes  in  motion.  The  field 
^f  monocular  vision,  when  completely  constructed,  includes  all  that 
2an  be  seen  with  one  eye  as  the  result  of  its  experience,  devel- 
oped, but  unaided  by  the  other  eye.  The  field  of  binocular  vision 
includes  all  that  can  be  seen  by  both  eyes.  The  first  two  so- 
called  ''  fields  of  vision  "  are,  strictly  speaking,  fictitious  and  theo- 
retically constructed  in  order  to  explain  the  process  by  which  the 
nind  reaches  the  construction  of  the  third  and  last  Indeed,  the 
question  may  be  pressed,  whether  we  can  speak  of  a  purely  **  retinal 
ield  of  vision,"  and  whether  the  excited  mosaic  of  nervous  elements 
>n  which  the  image  is  formed,  without  aid  from  muscular  sensations 
>f  the  eye,  could  furnish  any  presentations  of  sight 

§  4.  The  most  nearly  original  experience  of  sensations  of  light 
md  color  which  can  be  easily  produced  for  adult  observation  is 
▼ained  by  closing  and  blindfolding  both  eyes,  and  then  keeping 
ihem  as  motionless  as  possible.  Let  time  enough  be  allowed  for 
dl  the  after-images,  both  positive  and  negative,  to  die  wholly  away. 
STothing  is  then  seen  but  a  small  and  undefined  expanse  or  massive 
iggregate  of  related  color-sensations,  which  we  will  call  the  "  ret- 
nal  field ; "  it  might  almost  be  said  that  this  is  felt  rather  than 
leen.  Such  "  vision  "  (?)  of  a  certain  continuum  of  sensations  can- 
lot  be  said  to  be  either  localized  or  projected  in  space,  as  a  whole, 
md  by  the  eye  alone.  When  we  speak  of  it,  for  example,  as  "  in 
front  of  "  the  upper  part  of  the  body,  we  introduce  terms  that  are 
ierived  from  experiences  of  touch.  Now,  without  moving  or  un- 
covering the  eyes,  let  the  head  be  turned  to  the  right  or  to  the 
[eft,  and  the  expanse  of  color-sensations  will  move  in  the  same 
direction  ;  or,  if  we  turn  the  face  upward,  the  retinal  field  seems 
ibove  us  ;  if  downward,  then  it  seems  to  sink  toward  our  feet  But 
3ach  position  of  this  field,  as  a  whole,  is  entirely  determined  by  the 
fact  that  the  customary  muscular  and  tactual  sensations  assure  us 
■A  the  posture  of  the  head  with  reference  to  the  rest  of  the  body. 
Buch  localization  is  accomplished  cliiefiy  by  sensations  in  the  neck. 
So  far  OB  sight  alone  is  concerned,  the  entire  expanse  of  color-sen- 
aations  cannot  be  said  to  be  perceived  as  anywhere  in  space. 

The  "retinal  field"  has  no  clearly  defined  limits,  or  boundary- 
lines  ;  it  may  be  described  rather  as  having  its  expanse  of  sensa- 
tions distinguished  by  a  shifting,  graded  transition  into  a  region  of 
ao-sensations.  This  fact  is,  of  course,  due  to  the  constantiy  chang- 
ing activity  of  the  nervous  elements  of  the  retina.     Yet  the  sensa- 
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tions  which  are  massed  in  the  foregoing  ezperienoe  oonstitiiie  a 
true  spatial  expanse  ;  they  are  not  simply  recognized  as  differing 
in  color-tone,  or  brightness  or  intensity  of  effect  bat  as  having  true 
local  distinctions,  and  as  being  arranged  into  a  system  of  points  of 
color  and  light  lying  side  by  side.  In  other  words,  the  different 
sensations  do  not  fall  together  in  consciousness  so  as  to  resemble 
the  one  sensation  of  smell  produced  by  irritating  simultaneonaJy 
number  of  fibres  of  the  olfactory  nerve ;  nor  are  they  simply  ana 
lyzable  into  several  quaUtatively  different  factors,  as  is  the 
plex  sensation  of  a  musical  clang.  They  are  presented  as  fpadaUi 
syslemcUized,  as  a  true  perception  of  on  extended  object.  The  ^  re 
inal  field  "  may,  then,  be  said  to  be  extended  in  two  dimensions 


and  the  minima  visibilia  which  compose  it  all  have  local  relatiom. 
to  each  other.     It  cannot  properly  be  said,  however,  to  have  deptd^^th 
(as  Stumpf  *  and  Hering '  hold  that  it  does)  ;  for  the  different  co^^vj. 
ored  points  are  not  projected  as  different  in  distance,  nor  can 
be  said  to  look  into  the  colored  space  thus  presented  before 
mind.     It  is  true  that  the  expanse  of  the  retinal  field  is  not 
that  of  a  darkly  colored  wall  or  curtain  placed  in  front  of  the  ey 
But  the  quasi-appearance  of  depth  is  due  to  constant  change  =r      in 
color-tone  and  brightness  of  the  minute  portions  of  the  fiel^JHd, 
which  has  an  effect  somewhat  like  that  we  get  on  looking  at  a  Ten  -siy 
dense  mist  of  particles  differently  colored  and  drifting.     In  oth^^er 
words,  the  secondary  and  derived  data  give  to  it  an  appearanK—ce 
which  we  have  learned  to  associate  with  the  perception  of  depth. 

§  5.  Further  experiment,  however,  with  this  so-called  "  retiir^a/ 
field  "  serves  to  show  how  complicated  its  apparently  simple  chc^u*- 
acter  really  i&     In  the  first  place,  even  this  field  is  the  result    ^/ 
the  combined  action  of  the  two  retinas.     If,  with  both  eyes  closed 
a  "  phosphene  "  (see  p.  195  f.)  be  produced  in  either  eye  by  pressis^ 
upon  its  ball,  the  colored  circle  will  be  located  in  the  correspond- 
ing part  of  the  field  ;  but  the  character  of  the  entire  field,  as  formed 
by  the  activity  of  both  retinas,  will  be  changed.     It  ia^  of  course, 
impossible  to  suppress  the  action  of  one  retina,  and  thus  exam- 
ine a  monocular  *' retinal  field,*'  as  it  were.     But  it  may  easily 
be  shown  that,  even  in  vision  with  one  eye  open  and  in  motion, 
the  chsiracter  of  the  whole  field  of  vision  is  under  the  influence 
of  the  retinal  activity  of  the  closed  eye.     Let  one  of  the  eyes — both 
hitherto  closed  and  motionless — now  be  opened.    Immediately  a 

'  Ueber  d.  phjsiolog.  Uraprung  d.  Raamyoretellong.  Leipzig,  1878.  Stumpf 
holds  that  "Space  is  just  aa  originaUjr  and  directlj  peroeived  as  qoality**  (p. 
115). 

*In  Hermann^B Handb.  d.  Physiol,  IIL,  I,  p.  572  1 
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piciure  of  all  the  objects  falling  within  the  field  of  monocular  vision 
ippears  before  us ;  each  object  seen  with  its  position,  magnitude, 
md  spatial  relations  determined  according  to  the  laws  of  visual 
perception.  This  monocular  field  seems  bounded  on  one  side  (the 
eft  side  if  the  right  eye  is  opened,  the  right  side  if  the  left)  by 
he  rather  dim  outline  of  the  nose  and  lower  line  of  the  forehead. 
What  has  become  of  the  retinal  field  of  the  closed  eye?  It  has 
oeen  submerged  or  oyerwhelmed  by  the  field  of  the  open  eye,  on 
iccount  of  the  latter's  stationary  and  clearly  defined  images  and 
itrong  arrest  and  fixation  of  attention.  But  if  a  character  to  arrest 
ind  fix  the  attention  be  giyen  to  the  field  of  the  closed  eye,  it  may 
3e  made  in  turn  to  OTerwhelm  that  of  the  open  eye.  This  can  be 
iccomplished  by  producing  strong  "  phosphenes  "  in  the  former.  On 
>res8ing  the  closed  eye  brightly  colored  circles  are  presented  in 
iie  corresponding  part  of  the  field  ;  and  by  using  sufficient  press- 
ire  the  objects  seen  as  projected  in  space  by  the  open  eye  are 
browned  in  a  shower  of  minute,  vivid  sparks. 

The  "retinal  field'*  has  its  character  determined  also  by  as- 
lociated  muscular  sensations  dependent  upon  the  movement  of 
x>ih  eyes.  It  will  be  found  impossible  to  make  any  definite  area 
>f  this  retinal  field,  which  lies  much  to  the  right  or  left,  to  the 
ipper  or  lower  part,  of  its  centre,  a  matter  of  regard  without 
letecting  sHght  movements  of  the  eyes  according  to  the  direo- 
ion  in  which  the  attention  is  to  be  fixed.  The  value  of  muscular 
dovements  in  this  case  cannot  consist  in  their  enabling  a  clear 
mage  of  objects  situated  in  different  relations  to  the  eye  to  be 
ormed  on  its  retina ;  for  with  closed  eyes  no  change  is  occasioned 
a  the  retinal  images  by  motion  of  the  eye&  The  conclusion,  then, 
3,  that  certain  muscular  sensations  constitute  an  indispensable 
lart  of  the  data  for  localizing  objects  even  in  the  retinal  field — at 
east  such  as  are  only  a  slight  distance  from  its  centre.  Moreover, 
t  will  be  found  that  the  extent  of  this  entire  field  and  its  pro- 
ongation,  as  it  were,  in  any  given  direction  are  dependent  upon 
be  accommodation  and  motion  of  the  eyes.  The  explanation  of 
Mb  fact  can  be  found  only  in  the  same  truth,  namely  :  The  per- 
jeption  of  localized  areas  in  the  two-dimensioned  "  retinal  field  "  of  the 
Hosed  eyes  is  dependent  upon  the  revival  of  associated  miiscular  sen- 
iations. 

§  6.  The  foregoing  facts  undeniably  afford  considerable  support 
bo  the  **  empiristic  '*  theory  of  visual  perception  ;  but  they  do  not 
show  that  the  considerations  it  brings  forward  are  entirely  con- 
slusiva     They  do  not  even  prove  the  ixuth  of  Wundt's  statement :  * 

*  Phjtiolog.  PByobologie,  11,  p.  69. 
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"  Our  sensations  of  light  do  not  immediately  possess  spatial  fonn.** 
After  excluding  all  the  factors  which  combine  into  our  oidinazy 
presentations  of  sight — such  as  double  images,  accommodation, 
convergence  of  the  axes  of  the  eyes,  and  aecondary  helps  by  Tray 
of  shadows,  perspective,  elevation,  etc — a  certain  spatial  quahtj 
still  remains  to  the  simplest  sensations  of  color  and  light  which 
we  are  able  to  reproduce.     It  will  naturally  be  objected  that  these 
sensations  are  the  reactions  of  a  mind  that  has  had  a  long  pre- 
vious experience  in  localizing  visual  sensations  by  means  of  jui 
such  helps  as  the  foregoing.     The  question  then  recurs :  Is  th 
fact  that  the  sensations  of  light  and  color,  which  are  produced  bT 
the  simultaneous  excitation  of  many  nervous  elements  of  the  ret- 
ina, appear  as  locally  distinct  (even  when  the  eyes  are  closed  am 
motionless)  an  otherwise  unexplained  datum  due  to  an  original 
activity  of  the  mind  under  the  law  of  the  specific  energy  of  th 
nervous  elements  ;  or  is  it  a  result  of  acquired  experience,  to 
explained  by  the  revival  of  images  of  previously  associated  impre 
sions  obtained  when  the  eyes  were  both  open  and  moving  ?    T 
take  the  former  position  is  to  adopt,  so  far  forth,  the  nativistL 
theory  of  visual  perception ;  to  take  the  latter  is  to  espouse  time 
empiristic  opinion.     Either  position  has  its  difficulties.     The  for- 
mer seems  to  us,  however,  nearer  to  the  ultimate  truth. 

§  7.  That  the  sensations  of  light  and  color  occasioned  by  stimu- 
lating different  elements  of  the  retina  have  a  different  value  in 
consciousness,  and  that  the  recognition  of  this  value,  and  the  pres- 
entation of  the  sensations  as  locally  separate  and  arranged  into 
a  spatial  system,  is  native  to  the  mind,  may  be  argued  from  the 
following  among  other  reasons :  The  peculiar  mosaic  structure  of 
the  retina  is  obviously  the  fundamental  cause  for  the  pre-eminence 
of  the  eye  as  a  "  geometrical  sense."  It  has  already  been  shown 
(Chap.  IV.,  §  3)  that  each  element  of  this  structure  may  be  regarded 
as  an  isolated  sensitive  spot,  which  corresponds,  on  the  one  side,  to 
individual  irritations  from  the  stimuli,  and,  on  the  other,  to  the 
smallest  localized  sensations  of  light  and  color.  But  the  latter  part 
of  this  statement  could  not  be  true  unless  each  of  the  elemente  in 
this  nervous  mosaic  had  a  certain  peculiar  representative  value  in 
consciousness.  In  other  words,  sensations  of  light  and  color  are 
localized  in  part,  at  least,  by  means  of  the  specific  local  quality 
which  belongs  to  the  result  of  the  different  points  in  the  retina 
being  simultaneously  irritated.  The  very  construction  of  this  or- 
gan, as  well  as  the  correspondence  between  its  construction  and  the 
nicety  attained  in  its  use  for  local  distinctions,  indicates  that  the  spa- 
tial quality  of  our  visual  percepts  depends  upon  its  specific  functions. 
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MoreoreTy  tinlesB  the  serieB  of  light-  and  oolorHMnflaiioiui  had  an 
original  spatial  character,  it  is  difficult  to  see  how  thej  could  com- 
bine with  the  other  spatial  series  of  the  eye  into  perceptions  of  ex- 
tended colored  objects.  It  is  difficult  to  see  what  adyantage  they 
would  then  have  over  the  series  of  musical  tones  vaiying  in  pitch. 
Still  further,  it  is  as  impossible  to  prove  experimentaUy  as  it  is  to 
make  seem  true  to  consciousness  that  the  arrangement  of  the  points 
of  light  and  color  which  appears  before  us  with  closed  and  motionless 
eyes  is  only  the  residuum,  as  it  were,  of  past  sensations  of  a  muscu- 
lar kind.  Such  an  appeal  to  consciousness  could  not  be  made,  in- 
deed, with  any  confidence,  if  scientific  analysis  were  able  to  show 
that  the  color-sensations  can  be  perceived  simultaneously,  as  a  sys- 
tem of  points  lying  side  by  side,  without  having  the  characteristics 
of  a  spatial  seriea  But  in  view  of  our  inability  to  do  this,  we  only 
account  for  the  facts  of  consciousness  by  admitting  what  the  very 
structure  of  the  organ  suggests,  and  what  genend  psychological 
theory  seems  to  confirm,  when  we  hold  that  spatial  perception^  at 
least  in  germinal  form,  is  native  to  the  mind  as  a  synthesis  of  the 
qtuditatively  differejit  sensations  which  result  from  stimulating  simul- 
taneously the  retinal  mosaic  ofner\x)us  elements. 

The  foregoing  view  is  very  different  from  that  which  assumes 
that  we  have  an  immediate  knowledge  of  the  retinal  image ;  or 
that  a  knowledge  of  the  direction  from  which  the  light  falls  upon 
the  retina  is  an  unresolvable  intuition  of  the  mind. '  To  such  mis- 
taken statements  it  is  a  sufficient  reply  to  show  that  the* subjective 
image  (or  mental  presentation)  of  the  object  does  not  correspond 
either  to  the  image  on  the  retina  or  to  tbe  real  object  as  it  is  other- 
wise known  to  exist  in  space.  The  mental  presentation,  for  exam- 
ple, has  no  blind-spot ;  it  is  a  different  representation  of  the  real 
object  from  that  offered  by  the  retinal  image,  with  more  inaccu- 
racies than  belong  to  the  latter  as  seen  by  an  observer  looking 
at  it  from  without.'  To  the  question,  then,  whether  sensations  of 
light  and  color  would  have  space-form  if  they  came  only  from  an 
excited  but  motionless  retina,  and  were  uncombined  with  other 
sensations  of  a  spatial  series,  we  can  give  only  a  tentative  and  par- 
tial answer.  Doubtless  the  "presentations  of  sense"  formed  by 
combining  such  sensations  alone  would  be  indescribably  different 
from  those  to  which  we  now  ascribe  visual  space-form.  An  animal 
with  a  single  immovable  expanse  of  nervous  elements  susceptible 

>  See  Le  Conte,  Sight,  pp.  85  f.  and  105.  New  York,  1881.  Le  Conte  is 
obliged  to  admit,  however^  that  this  **  law  of  direction  "  is  sometimes  opposed 
to  tbe  **  law  of  corresponding  points  "  (p.  258). 

*  See  Wandt,  Pbysiolog.  Pajchologie,  ii.,  p.  68. 
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)  irritations  from  light  could  not  be  aaicl  to  ha^e  what  we  eall 
vision."    But,  on  the  other  hand,  the  spatial  quality  which  be- 
3Dg8  to  the  visual  sensations  of  man  cannot  be  all  resolved  into 
nuscular  and  tactual  sensations  of  eye  and  hand  ;  these  sensations, 
juoad  sensations  of  light  and  color,  do  have  the  quality  which  in- 
sures their  arrangement  in  consciousness  in  spatial  ovder.    This 
fact  is  due  to  the  working  of  the  law  of  the  specific  energy  of  the 
nervous  retinal  elements  in  connection  vnth  the  native  activity  c^ 
mind  in  synthesizing  these  sensationa     The  law  as  applied  to  the 
eye  is  essentially  the  same  as  that  already  demonstrated  for  tha 
skin  ;  the  activity  assumed  as  native  to  man  is  not  essentially  dif- 
ferent from  that  ascribed  to  the  lower  animals  in  the  use  of  their' 
senses.    That  this  tact  for  the  individual  has  been  largely  won  bjr 
the  development  of  the  race  is  a  proposition  to  which  our  attttud^ 
is  determined  by  more  general  conclusions.     But  physiological  op-^ 
tics  cannot  account  for  the  phenomena  of  vision  without  aaeum — 
ing  both  the  original  exerdse  of  this  tact  and  the  theory  of 
retinal  signs  as  data  hitherto  unresolvable  by  its  analysia 

§  8.  Whatever  may  be  thought  of  the  foregoing  assomptiona^  ii 
is  certain  that  ordinary  adult  visual  perception  involves  the  m< 
of  the  open  eye — monocular  vision  of  one  eye  and  binocular  o 
both.     The  sensations  which  accompany  such  motion  most  be  coi 
bined  with  sensations  of  light  and  color  to  make  the  complete 
entatioDs  of  sight     The  consideration  of  the  simplest  case 
that  we  should  recur  to  the  physiology  of  the  eye.    Only  one 
spot  in  the  retina  (the  so-called  "fovea  centralis,'*  see  p.  188),  i 
capable  of  giving  a  perfectly  clear  image  of  an  object     When,  them  , 
we  desire  to  see  an  object  clearly,  we  bring  its  image  upon  thLsr 
spot  and  fixate  it  there.     That  point  of  the  object  to  which  the 
centre  of  the  retinal  area  of  clearest  vision  corresponds  is  called 
the  "point  of  regard"  (or  "fixation-point"*).     In  ordinary  vision, 
then,  the  eye  constantly  changes  its  point  of  regard,  and  so  bnngB 
successively  upon  its  most  sensitive  area  the  images  of  the  di£GBrent 
points  of  its  object 

The  different  changes  of  position  in  the  point  of  regard  are 
accompanied  by  sensations  of  motion  and  strain  ;  they  are  accom- 
plished by  the  six  muscles  of  the  eyeball  This  wandering  of 
the  point  of  regard  over  an  object  may  be  considered  as  accom- 
plished by  rotating  the  eye  upon  a  pivotal  point,  or  "  centre  of 
rotation,"  by  motions  that  have  different  axes  of  rotation.  The 
centre  of  rotation  is,  however,  only  theoretically  a  point,  but  is 
really  an  interaxial  space.  It  has  been  variously  located  for  normal 
eyes  at  about  13.45-13.73  mm.  behind  the  cornea,  and  L84-L77 
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mm.  behind  the  middle  of  the  optical  axes.  Of  each  axes  of  rota- 
tion, three  are  espedallj  to  be  distingtuBhed — an  antero-posterior, 
a  Tertical,  and  a  transverse.  A  line  drawn  from  the  centre  of 
rotation  to  the  point  of  regard 
IB  called  the  "line  of  regard;" 
since  each  eye  has  its  own  cen- 
tre of  rotation,  there  are,  in  vi- 
sion with  both  eyes,  two  lines  of 
regard.  A  plane  passing  through 
these  two  lines  is  called  "the 
plane  of  regard"  (or  "plane  of 
vision  ").'  In  the  "  primary  posi- 
tion "  the  head  is  erect  and  the 
line  of  regard  directed  toward 
the  distant  horizon.  The  plane 
passing  through  the  lines  of  re- 
gard of  both  eyes  in  this  position 
is  the  "  primary  plane  of  vision." 
In  this  position  for  most  eyes, 
however,  the  line  of  vision  is  in- 
clined somewhat  below  the  hori- 
zontal plane. 

Starting  from  the  primary  po- 
sition, one  set  of  positions  are  suc- 
cessively assumed  by  moving  the  eye  upon  its  transverse  and  verti- 
cal axes.  When  the  eye  rotates  round  the  former,  the  line  of  regard 
is  displaced  either  above  or  below  ;  it  thus  makes  a  varying  angle 
with  the  line  corresponding  to  its  first  direction,  and  this  is  called 
the  "  angle  of  vertical  displacement "  (so  Helmholtz),  or  the  "ascen- 
sional angle."  When  it  moves  about  the  vertical  axis,  the  line  of 
regard  is  displaced  from  side  to  side,  and  forms  with  the  median 
plane  of  the  eye  a  varying  angle  called  "  the  angle  of  lateral  dis- 
placement" In  passing  from  the  primary  position  to  the  foregoing 
secondary  position  no  rotation  of  the  axis  itself  occurs.  Another 
order  of  positions  is  assumed  by  an  apparent  rotation  on  the  antero- 
posterior axis,  combined  with  lateral  or  vertical  displacements ;  this 
movement  results  in  bringing  the  eye  to  an  oblique  position,  and  is 
really  a  torsion  of  the  eye.  The  angle  which  the  plane  of  regard 
makes  with  the  transverse  plane  measures  the  amount  of  torsion, 
and  is  called  the  "  angle  of  torsion." 

1  For  the  detailed  theory  of  the  movements  of  the  eye,  see  Hering,  in  Her- 
mmnn's  Handb.  d.  Physiol.,  IIL,  i.,  chaps.  9-11 ;  Helmholtz,  Physiolog.  Op- 
tik,  gg  fn-QO  ;  and  Wundt,  Physiolog.  Psychologie,  ii.,  p.  72  1 


Fio.  07.— DlARnun  of  the  AttaohiMnti  of  the 
MoKdM  of  the  By*,  and  of  th«ir  Axea  of  Bo- 
tetion— the  latter  being  shown  bj  dotted 
linee.  The  mx\u  ot  rotation  of  the  reotot, 
extemoe,  and  intemne,  being  perpendioalar 
to  the  plane  of  the  paper,  oannot  be  ihown. 
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§  9.  The  Tarious  moTements  poBsTUe  for  the  eye  in  aU  the 
tioDB  just  deacribed  are  acoompliahed  by  the  combined  poll  of 
muflclea  of  the  eye  aa  summarized  in  the  following  table '  (for 
muscles  and  their  position,  see  Fig.  49  1,  p.  174)  : 


Nambcr  at  mxmUm  aotiv*. 


One. 
Two, 


DiraoUon  of  Uae  oCnpud. 


Three 


)  Inward 
Outward 

(  Upward ^ 

I  Downward 


Inward  and  upward. . . . 


Inward  and  downward. . 


Outward  and  upward  . . 


^  Outward  and  downward. 


Internal  rectofl. 
External  rectus, 
j  Superior  rectna 
I  Inferior  obliquflL 
j  Inferior  rectus. 
(  Superior  oblique. 
C  Internal  rectus. 
<  Superior  rectus. 
( Inferior  oblique. 
( Internal  rectus. 
•<  Inferior  rectus. 
( Superior  oblique. 

1  External  rectus. 
Superior  rectus. 
Inferior  oblique. 
External  rectus. 
•\  Inferior  rectnsi 
(  Superior  oblique. 


§  10.  The  law  which  seems  to  govern  all  the  eye's  movements 
torsion — or  combined  movements  sideways,  and  either  up  or 
— was  conjectured  by  Listing,  whose  name  it  bears,  and  elaborat^^^ 
by  Helmholtz.     Listing's  law  is  stated  by  Helmholtz'  in  the  fol^^ 
lowing  terms :  *'  When  the  line  of  regard  passes  from  its  primaij" 
position  into  any  other  position,  the  torsion  of  the  eye  (as  meas- 
ured by  the  angle  of  torsion)  in  the  second  position  is  the  same  as 
if  the  eye  were  turned  about  a  fixed  axis  standing  perpendicular  to 
both  the  first  and  the  second  positions  of  the  line  of  regard."    The 
same  principle  is  stated  in  different  language  by  Wundt :  *  *'  All 
movements  of  the  eye  from  its  primary  position  take  place  about 
fixed  axes,  each  of  which  at  the  point  of  rotation  stands  at  right 
angles  to  the  plane  which  is  described  by  revolving  the  line  of  re- 
gard ;  and  all  of  these  axes  lie  in  a  single  plane,  at  right  angles  to 
the  primary  |X)sition  of  the  line  of  regard,  at  its  point  of  rotation.'' 
The  orientating  of  the  eye,  then,  for  every  possible  position  of  the 
line  of  regard,  may  be  referred  to  a  constant  standard.     Concerning 
one  important  matter  in  the  carr^-ing  out  of  Listing's  law,  there  is 
a  direct  conflict  of  view  between  authorities.     According  to  Helm- 

*  Given   by  Beannis,   and   to  be  found  in  the  Encjclopsdia  Britannica, 
ninth  ed. ,  VIII. ,  p.  825. 

*  Physiolog.  Optik,  p.  406.  «  Physiolog.  Psjchologie,  ii,  p.  79  1 


THE   KFKECT  OF   ROTATION. 

^'  mbea  tlio  piano  of  vitaon  is  raised,  lateral  diaplaoemenU  tofl 
vigbt  proilnoe  roUtion  o(  tlio  eye  to  the  left,  ouil  lateral  di»*l 
■*fiicnU  to  tlie  left  produce  rotatiou  to  tbu  riglit ;  wlien  C 
b«  of  nsion  is  depressed,  intend  displacements  to  the  right  pre 
Mnt«tion  tg  tlui  right,  and  vice  versa.  But  accordiog  to  I 
i4e,'  in  elevation  of  the  visual  jilitna  the  e^ca  both  move  and  ro-l 
to  the  right  or  to  the  left ;  iu  di-pressiuu  of  tUia  plaue,  tuotioa^ 
k«  tjm  to  the  right  is  accompanied  with  rotnlioD  to  the  lef^ 

motiara  to  the  left  with  rotation  to  the  right 
Kan  detailed  statement  of  the  laws  of  the  eje's  motion  in  ri- 
a  ii  Dot  nocoMor;  for  the  purposea  of  physiological  psychology,  j 
L«ed  ocljr  ba  noted  that  //irr  connlrwiion  oflhejidd  of  monoculat 
MtfuntXnr  r/non  u  a  lynthvlic  mental  achwvevtent  dfpfiidvnt  u/ionfl 
■nmying  mmMtiout  whiili  result /rum  the  tnanJmng  of  Ikr  puint  'j^l 
mr^  oter  the  outlitie  of  an  ohjrrt.  Starting  from  its  primary  poai>  I 
K,  lb*  Sj*  BMjr  dime  arcmiid,  as  it  wero,  by  a  variety  of  cimitt-M 
■  fuiha,  to  the  fixation  of  any  pnriicular  poiut  of  its  object  IbI 
pannit  of  tboso  paths  it  develops  variuiw  scries  of  mosculorV 
■aHona  that  have  a|ialia1  ipiolitiee  and  ore  fitted  to  combine  witb  ■ 
■[Mlial  Mriea  of  light  and  color  sensationa  Thus  the  field  otm 
MioBMMHUily  has  the  muuo  fonii  as  the  surface  over  which  th*l 
«t  of  regard  etui  be  made  to  wander.  Its  construction  is  n  pn^fl 
mmn  ■yotbemofthe  mind,  8timiitatednn<l  guided  by  means  whiclil 
MHt  ia  Tar^inp  jutat^s  of  consriousiiuoH,  <'hiofly  doiwndent  ujMtfa 

local  coloring  of  the  two  sets  of  sensations  thus  far  described.    . 
I  11.  Certain  iniimrtant  contu'quenrfH  follow  an  to  thti  rcIntioBl 
-ve«D  the  Udm  of  the  extended  nnd  objective  "  tbiug  "  uu<]  tbvl 
of  tha  retinal  image,  as  ofTording  the  mind  data  fur  the  spatial! 
of  the  MUMationx  that  oriiui  from  Htininluting  llm  nrrvouA 
nerve-fibres  of  the  muscles  of  the  eye. 
ginerml  form  of  the  field  of  vision  and  ilui  relative  poaitjon  o 
objuta  in  it  ara  determined  by  tho  movementa  of  the  eye.    ~ 
i^  thftl  only  those  objects  which  are  seen  by  direct  vision  (tli 
lying  in  thn  Une  of  regiml  when  Uio  eye  is  in  its  prim 
in  their  actual  place  ;  objecta  indirectly  » 
in  ll*e  place  which  tliey  would  assume  it  their  retinal  ii 
tnn«poe«d  to  the  point  of  regonl  and  it<t  immciiiatvly  aui 
in(t  fiointa.*     It  fnllowH,  further,  that  all  liuea  lying  outa:  ~ 
the  vertical  aod  horizoQlal  meridians  of  tho  retina,  in  order  to  1M^ 
■i  Amif  fat,  nod  be  really  bent ;  and  all  really  atraight  Unea  (n 

*  rkj^akf.  OfOk..  p.  4in. 

*H|fcL  pf.  t18  S.  ,  aod  Ainarieui  Journal  of  Sdrnco  inil  ArU,  n   1I8HO), 
'Comp   WuudL,  rUj^iluIug.  ■'■jeliulugi*,  11 
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Buch  poaitions  are  Been  bent.  This  fact  may  bo  proTed  in  Tarioci 
naja.  If  a  sheet  of  wbite  paper,  having  a  black  dot  in  its  cent: 
to  eerve  as  a  point  of  regard,  be  held  at  right  angles  to  tbc  line  f,( 

vision,  with  the  eye  in  its  primary  podtion  and  coustantij  Gx»._^^^ 
upon  tbia  point,  thiu,  stt-aight  slits  of  black  paper  outside  of  the  t^^-:^j^ 
meridians  will  appear  bent  Or  if  the  after-images  left  on  tb^^^^,,^ 
meridians  of  the  retina  by  light  faUiug  through  narrow  and  Htrai^ 
alits  be  studied  when  torsion  of  the  eye  takes  pliice,  these  aft«r-Li 


ages  will  themselves  be  found  to  suffer  torsion.'     Such  images, 
ceived  upon  the  vertical  meridian  of  the  eye  wheu  it  is  in  its  J 
mary  position,  lean  to  the  right,  thus     '    ,  when  the  visual  plane 
elevated   and  Uie  eye  moved  to  the  right ;   but  when,  witi 
plane  elevated,  the  eye  is  moved  to  the  left,  the  vertical  image 
dines  to  the  left,  thus   \    .     With  depression  of  the  visual  plan 
the  inclination  of  the  after-imn^e  is  reversed.     The  image  of 
perfect  rectaagukr  cross  is  distorted  as  follows  by  different  torae*'* 
'  See  Le  CudCu,  Sight,  pp.  164  B. 
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I  the  eye :  Upward  and  to  the  rights    -"r*  *  upward  and  to 


-/-■■■ 


le  left,    '^>«^    ;   downward   and    to   the   rights   -^^A^^^  ;  down- 


m 

ard  and  to  the  left^  ^'4^^  ••    The  connected  results  of  all  the 


36sible  torsions  of  the  eyes  in  curving  the  lines  of  the  field  of  vis- 
»n  is  illustrated  by  the  accompanying  figure  (98)  * ;  the  study  of 
ds  figure,  as  it  appears  at  various  distances,  from  arm's  lengUi  to 
mtact  with  the  nose  and  forehead,  is  an  instructive  exercise.  The 
3pendence  of  the  field  of  vision  upon  the  positions  and  motions 
:  the  eye  is  one  principal  source  of  the  errors  of  this  sense. 

§  12.  Besides  the  help  from  muscular  sensations  duQ  to  move- 
ents  of  the  eye  in  fixing  its  point  of  regard,  account  must  be  taken 

those  which  result  from  accommodation  of  the  eye  (for  the 
echanism  of  accommodation,  see  p.  177  1).  As  says  Helmholtz :  ^ 
There  can  be  no  doubt  that  anyone  who  has  much  observed  his 
vn  changes  of  accommodation  and  knows  the  muscular  feeling 

the  effort  belonging  to  them,  is  in  a  condition  to  tell  whether, 
iien  he  fixates  an  object  or  an  optical  image,  he  is  accommodating 
r  a  great  or  small  distance.**  There  is  scarcely  greater  doubt  that 
e  significance  of  this  change  of  muscular  feeling  would  not  be 
alized  as  indicating  a  third  dimension  of  space,  were  it  not  com- 
ned  with  sensations  belonging  to  the  use  of  both  eyes  in  conjunc- 
>n  with  the  organs  of  touch.  Even  adult  judgment  of  distance, 
r  accommodation  alone,  is  extremely  imperfect  Wundt  *  experi- 
ented  to  determine  the  niceness  of  this  judgment  by  regarding  a 
ack  thread,  stretched  verticaUy  again  st  a  white  background,  with 
le  eye  through  an  aperture  in  a  shield.  He  found  that  almost 
>thing  could  be  told  in  this  way  as  to  the  absolute  distance  of  the 
iread.  Its  relative  position,  however,  could  be  discriminated  with 
msiderable  accuracy  by  changes  in  accommodation  ;  and,  as  might 
3  expected,  with  more  accuracy  when  the  apparatus  was  called 
to  more  active  operation  by  approach  of  the  object  toward  the 
re.  Helmholtz  *  found  that  he  required  a  stronger  accommoda- 
on  to  see  a  red  stripe  clearly  through  a  tube  than  was  necessary 
»  see  one  of  blue. 

1  Taken  from  Bering  (after  Helmholtz),  in  Hermann's  Handb.  d.  Physiol., 
I.,  I.,  p.  537. 

«  Phjsiolog.  Optik,  p.  688. 

*  Beitrage  snr  Theorie  d.  Sinneswahrnehmung,  1862,  pp.  105-118. 
«  Ibid.,  p.  684. 
28 
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§  13.  But  all  the  achieyements  possible  to  a  mn^  eye,  wben  open 
and  in  motion,  would  not  avail  to  produce  the  presentations  of 
sight  as  our  ordinary  experience  is  familiar  with  them.  Strictly 
monocular  vision  is  for  the  most  part  a  fiction  of  science.  What 
we  can  see  with  one  eye,  after  experience  in  binocular  vision,  de- 
pends upon  what  we  have  been  accustomed  to  see  with  both  eyea 
Indeed,  what  we  see  at  any  instant  vrith  one  open  eye  depends*  in 
part,  upon  the  position,  motion,  and  retinal  condition,  of  the  other 
and  closed  eye.  A  theory  of  binocular  vision,  however,  requires  the 
consideration  of  two  sets  of  data  in  addition  to  those  already  enumer- 
ated. These  are  the  existence  and  relations  of  the  two  retinal  imagesi 
and  the  relations  and  laws  of  the  binocular  movements  of  the  eye& 
The  fact  that  two  eyes  are  ordinarily  active,  and  that  there  are, 
therefore,  two  images  of  the  object,  is  a  fact  of  the  first  importance 
for  the  theory  of  visual  perception.  Each  eye  is  in  itself,  indeed, 
a  complete  optical  instrument ;  each  has  its  own  point,  line,  and 
plane  of  regard,  and  movements  of  rotation,  torsion,  and  accom- 
modation. The  two  eyes,  however,  act  normally  as  one  instrument ; 
and  yet  they  cannot  be  regarded  as  mere  duplicates.  The  theory 
of  binocular  vision,  then,  considers  the  two  eyes  acting  as  one.  For 
the  purposes  of  such  theory  it  is  not  important  what  shape  the  tuo 

retinas  are  regarded  as  having; 
they  are  usually  taken  as  surfiMes 
with  the  curvature  of  the  inside  t 
of  a  sphere  whose  centre  lies  at 
point  where  all  the  lines  of 
tion  intersect'   It  may  be 
to  begin  with,  that  this  point  of  in- 
tersection is  the  same  for 
modation  to  all  distances  of 
object    If  the  two  retinas 
perfectly  symmetrical  all  the 


i 
1 


*f 


e 


Fio.  99.— Diafnum  to  iUnstrete  the  theory 
of  corrf*«|x>n<linR  retinal  point*.  The  im* 
mge»  of  objeotn  at  a"  or  6"  or  c"  will  fall 
on  corresponding  points  of  the  retina— 
a  and  a^,  b  and  y,  c  and  </ — and  be 
■ingle. 


vous  elements  which  compose  tk^« 
mosaic  of  each  one  might  be  re- 
garded as  situated  at  points  identi- 
cal with  those  occupied  by  ihe  ner- 
vous elements  of  the  other.   In 


other  words,  the  surfaces  of  the 
two  retinas  might  be  regarded  as  capable  of  being  perfectly  super- 
imposed. Upon  such  retinas,  when  the  eyes  were  parallel,  each  an- 
gle point  of  an  object  would  have  its  image  formed  upon  two  **  iden- 

^  See  Bering,  Pbjsiolog.  Optik,  in  Hermaim*s  Handb.  d.  Phjakd.,  UL,  i^p. 
349  f. 
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tical  **  points  of  the  two  retiiiM — upon  points*  that  is,  whoM  position 
wonld  be  mathematically  the  same  with  rehttion  to  the  centre  of 
each  retina. 

But  the  retinas  are  not  symmetrical,  and  the  physiological  centre 
is  not  the  tme  mathematical  centre ;  moreover,  the  eyes,  to  be  of  use, 
must  act  together  in  other  positions  than  that  called  *'  primary.*'  A 
distinction  must  then  be  made  between  corresponding  points  and 
identical  points ;  the  former  are  such  as  are  found  by  experiment 
actually,  as  a  rule,  to  act  together  and  to  combine  their  images 
when  simultaneously  stimulated.  If  the  eyes  be  fixated  upon  any 
▼eiy  i*emote  object  without  apparent  magnitude — for  example,  a 
star — the  points  of  two  retinas  upon  which  its  iuiage  falls  when  it 
is  seen  as  single  are  *'  corresponding."  One  image  then  exactly 
covers  the  other.  But  in  certain  cases  the  points  of  the  retinas 
which  customarily  act  together  do  not  so  act ;  points  not  exactly 
corresponding  sometimes  cover  each  other,  and  points  usually  cor- 
responding sometimes  fail  to  cover  each  other.  Hence,  a  distinc- 
tion may  be  made  between  corresponding  points  and  *<  covering 
points ; "  the  latter  term  being  used  for  those  points  whoso  im* 
pressions,  in  each  individual  case  of  seeing,  are  actually  referred  to 
one  and  the  same  point  of  the  object'  The  two  points  of  regard  of 
the  two  eyes  are  in  all  cases  identical,  corresponding,  and  co wring. 

Scarcely  more  than  a  reference  to  previous  elaborate  attempts  to 
determine  the  corresponding  points  of  the  two  retinas  is  necessary 
for  our  purpose.'  Experiment  shows  that  considerable  rooiprooal 
substitution  takes  place  among  the  different  points  of  l)oth  rotiniVM. 
The  eyes  of  most  persons,  if  not  of  all,  are  both  structurally  and 
functionally  incongruous.  When  the  Unes  of  regard  lici  pariUlol  in 
the  plane  of  the  horizontal  meridian  of  the  two  n^tinoH,  the  verti- 
cal meridians  do  not  correspond.  A  vertical  meridian  of  the  Mi 
eye,  with  its  upper  end  inclined  to  the  left,  may  be  conjoined  with 
%  Tertical  meridian  of  the  right  eye  that  has  its  upi>er  end  inc^lined 
nt  about  the  same  angle  to  the  right.  The  image  of  a  line  w)ii(!h 
lies  on  these  meridians  thus  inclined,  appears  in  the  vertir:al  liori/on 
Df  the  field  of  vision  and  divides  it  into  a  right  and  a  left  lialf. 

§  14.  That  objects  are  ordinarily  seen  as  single  when  their  iniageM 
Eure  formed  on  corresponding  points  of  the  retinas,  and  otlierwiwe  tm 
double,  may  be  shown  by  many  familiar  experinicnts.'     If  we  lioid 

>By  Wnndt,  Phjtiolog.  Psjchologi^,  it.  p.  122  f. 

'Here  see  Hering,  in  HemuDD'f  HAndb.  d.  I'h/fioL,  HI.,  i,,  )>p,  So5  ff.. 
and  Helmholtz,  Phjgiolog.  Optik,  pp.  695  ff. 

'See,  especUUj,  the  ones  deicribed  hy  Le  CcmU  fHfi^bt,  pp.  U2  ff,;,  trtmt 
vrhkh  the  immediately  following  m  taken. 
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a  finger  before  the  eyes  and  look,  not  at  it»  but  at  the  wall  or 
sky  ;  or  if  we  point  it  at  some  distant  object,  and  keep  our  ejm^^ 

steadily  fixed  on  the  objec^^two  traoHi^ 
parent  images  of  the  finger,  rather  th^:^ 
one  solid  finger,  will  be  seen.  Max:^ 
persons  may  have  difficuUy  in  seeiE:^ 
the  ttoo  images,  but  none  wOl  fail  to  t^ 
tiee  their  transparent  character.  XJn^^^ 
these  circumstances  the  wall,  sky,  ^ 
distant  object,  may  readily  be 
through  the  finger.  By  experime 
methods  the  images  of  a  single  ob~ 
may  be  dissociated,  and  what  is 
one  be  seen  as  two ;  on  the  other 
images  coming  from  two  objects 
be  combined  upon  corresponding  po-^^oioi^ 
and  thus  what  is  really  two  be 
one.  It  needs  only  a  little  skilful 
ure  upon  one  eyeball  to  create  foT  ua 

Fio.  100.— Diagram  to  IDoatrate  phe-      ,,,,-, 

nomena  of  doable  vidon.     If  the  the   double   of  each   One   of  a  grotlp  of 

Inuwre  of  the  point  b  fall  in  one  eje  «  .       :«  :•    .  ■»      -,  .  ... 

on  6,  and  in  the  other  on  7,  the  di»-  I nCUdS,  and  to   SCC   OUC   body  partiaiij 

J;ru!at''i:tw^*6Sr7"n:i"  through  the  transparent  image  o/an- 
irS^re,n^fhriSi,l^T?fa^  other,  n  two  objects  very  similar- 
^e^^"lt;Tap^'doa^ll!'***^'  ^or  example,   the   two  forefingers-be 

held  a  little  way  apart  at  about  a  foot 
distant  and  against  a  clear  sky,  three  like  objects,  one  solid  and  two 
transparent,  may  be  made  to  appear  by  combining  the  two  middle 
images  and  dissociating  the  two  on  the  outside.  Two  systems  of 
regularly  recurring  similar  objects — such  as  a  regular  small  pattern 
of  carpet  or  wall-paper,  or  the  diamond-shaped  spaces  of  a  wire- 
grating— may  have  all  their  images  combined  by  dipping  them,  m 
it  were,  simultaneously  to  one  side.  There  is,  then,  a  double-seeing 
of  what  is  really  single  and  a  single-seeing  of  what  is  really  double ; 
but  the  latter  is  much  rarer  than  the  former,  and  seldom  oocuib 
except  when  brought  about  for  purposes  of  experiment. 

§  15.  It  is  obvious  that  the  relations  of  the  two  images  of  an  ob- 
ject cannot  remain  unchanged  when  the  eyes  are  moved  from  their 
primaiy  position.  When  the  eyes  are  converged  upon  an  object* 
the  images  which  are  formed  on  the  central  spots  of  the  two  retinas, 
by  rays  coming  from  the  point  of  regard,  are  exactly  identical  and 
corresponding ;  the  object  in  this  case  is  therefore  seen  absolutely  o^* 
gle.  Points  of  the  object  lying  near  to  the  point  of  regard  in  any  ^* 
rection,  and  thus  having  their  images  formed  close  to  the  centres  of 


I  OAI-OlTLATroir   OF   THE   nOROPTER. 

1,  aro  also  seeii  single.  For  the  poinU  of  the  mtiaM 
hich  the  iuia;^cs  aro  then  lortued,  although  uot  strictly  idsDti- 
te  comsiioiKling ;  that 
ay  have  hnbitiioUj  oct- 
^tlier  iu  Slicing  ob- 
fiiogle  b;  biDocakr 
I,  ami  tlie  slight  iiicou- 
BsnesAof  tlie  two  sets 
Bges  in  (liBTegarded.  iw 
M,  hy  the  miiiil  But 
bjec1«  lying  nearer  or 
remote  thnn  the  poiut 
id  bj  tlio  t^yee  ure  linble 
eeeo  double  ;  for  their 
U  do  not  fall  on  corre- 
I^Tig  [raints  of  the  re 

I  Objects  lying  below 
Vie,  or  to  one  side  or 
Alier,  of  the  point  of 
Id,  do  Dot,  08  a  rule, 
their  images  formed  on 
Bponiling  points ;  they    tm  loi  iFrum  uorin 
Itiierefore,  also  be  seen       IEJ,^  I't'iiw'^iiiw 
is.     Some    of    these      i:Zl^^J~u,i 
B,  liowever,  which  oc- 
;  poaitiona    below    or 

I,  to  the  one  side  or  the  other,  of  the  point  of  regard,  are  seen 
^  The  sum  of  nil  the  points  which  ore  seen  siugle  while  the 
)of  regard  remains  the  same  is  called  the  honifiU-r. 
pre  has  been  a  gretit  amount  of  caleulution,  exjwriment,  and 
ksion,  to  detenuuie  the  exact  nature  of  the  horopter.  It  baa 
}ield  to  be  a  surface  (i>liine  or  curved),  a  circle,  a  line,  a  num- 
tf  disconnected  points.     Its  calculation  as  a  matter  of  mathe- 

II  is  unaatiafaetory.  for  the  really  corresponding  points  of  any 
etinas  aro  not  to  be  determined  by  muthematics.  Experiment 
|de  esceedingly  diffieult  by  the  indiHtinctneas  with  which  we 
bjeota  that  do  not  lie  near  the  point  of  regard.  NoconclueionB 
^ng  the  nature  of  the  horopter  ure,  perhaps,  on  tlie  whole, 
Itrustworthy  than  Meieaiier's.'  Tliey  are  thus  summarized  by 
^te.'    With  the  eyes  in  the  primary  position,  the  horopter  is 

•  tat  Phj'alologie  d-   8«borg»iia,  Lelptig,  1ST4;  and  Arolilvui  dM 
UCnW],  p.  1601 
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a  plane  perpendictilar  to  the  median  line  of  sight    Tor  all 
points  in  the  primary  plane,  it  is  a  line  which  dips  toward  the  ol 
server  with  an  inclination  to  the  visual  plane,  increasing  with 
nearness  of  the  point  of  regard.     When  the  plane  of  vision  is  turrn 
upward,  the  inclination  of  the  horopteric  line  increases ;  when 
{dane  is  turned  downveard,  the  inclination  of  the  line 
until  it  becomes  zero  at  45°,  and  the  line  expands  into  a  pi 
The  plane  of  the  horopter,  then,  passes  through  the  x>oint  of  re| 
perpendicular  to  the  median  visual  line.     With  these  condusi^^-^^; 
the  careful  experiments  of  Le  Conte  himself  correspond  in    ^^:2i6 
main ;  but  Le  Conte  considers  that  the  inclination  of  the  horopt^: 
line  remains  constant^  and  that  its  surface,  when  the  horopter 
comes  a  surface,  is  curved  instead  of  a  plane. 

§  16.  The  existence  and  relation  of  the  two  images  in  binocul^u* 
vision  is  of  the  greatest  importance  for  all  perception  of  solid 
objects  set  at  varying  distances  from  each  other.     It  is  largely  t^J 
their  help  that  binocular  perspective  and  stereoscopic  vision  m^^ 
explicable.     But  all  such  elaborate  and  complex  presentations  ^^^ 
visual  sense  require  for  imderstanding  them  certain  consideratio^^^ 
concerning  binocular  movements  of  the  eyes.     In  binocular  mor' 
ments  the  laws  of  parallel  motion  hold  good  only  for  the  case  vh( 
the  eyes,  being  in  the  primary  position,  are  both  turned  equally 
the  same  direction.     But  in  fixating  the  point  of  regard  for  the  t^^^**^. 
eyes  for  a  near  object  the  eyes  move  in  opposite  directions,  so  th^^^ 
the  lines  of  vision  may  converge  upon  the  object     In  convergenc^^^^ 
the  eyes  rotate  on  the  optic  axis  in  opposite  directions.*    Sinc^^^^ 
divergence  of  the  eyes  in  visual  activity  is,  in  all  ordinary  case^^^^ 
impossible,  there  are  three  customary  indissoluble  conjunctions  c:^^^ . 
motion  which  belong  to  the  eyes  as  under  control  from  the  centr^^""*^ 
nervous  organism  ;  these  are,  right  and  left  together,  up  and  doW"^^^ 
together,  or  turning  synmietrically  inward.     In  lowering  the  plai^^^^^® 
of  vision,  as  well  as  in  fixating  the  point  of  regard  upon  net^-^  "^^ 
objects,  convergence  naturally  takes  place  ;  in  elevating  this  plain^:^*^® 
or  in  looking  upon  distant  objects,  the  converging  lines  of  regai^^^ 
diverge  toward  a  parallel  position.     Convergence  may  be  "synr^^" 
metrical "  or  ''  asymmetrical ; "  in  the  former  case  the  two  lines         ^^ 
regard  are  turned  inward  at  equal  angles  and  the  point  of  rega:^^^ 
is  kept  in  the  median  plane  of  vision  ;  in  the  latter  case  the  poi^--^^ 
of  regard  is  outside  of  the  median  plane,  and  either  the  two  eyes  ^uz^ 
turned  at  imequal  angles  inward,  or  else  one  is  turned  inward,  a.:K7</ 
the  other,  at  a  smaller  angle,  outward.     Both  kinds  of  convergen^^ 
are  possible  at  different  angles  of  the  elevation  of  the  plane  of  visioA 

1  See  Le  Conte,  Sight,  p.  178  f. 
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listing's  law  does  not  hold  for  movements  of  the  ejes  in  oonver- 
genoe.'  The  principal  points  at  which  this  law  is  abrogated  for 
converging  motion  of  the  eyes  are  stated  thus  bj  Le  Conte  :* 
When  the  right  eje  moves  to  the  left  in  convergence,  it  rotates  to 
the  right  instead  of  to  the  left  as  in  parallel  motion ;  so  the  left  eye 
rotates  to  the  left  when  turning  inward.  Whereas  in  parallel  mo- 
tion the  torsion  of  the  eye  increases  with  the  angle  of  the  depres- 
sion of  the  plane  of  vision,  in  convergent  motion  it  decreases  to 
zero  at  45°.  These  facts  doubtiess  result  in  imparting  variety  of 
local  coloring  to  those  sensations  of  strain,  etc.,  which  are  produced 
in  the  two  kinds  of  motion  of  the  eyes,  and  which  serve  the  mind 
as  local  signs  in  its  synthesis  of  extended  visual  objects. 

Changes  of  accommodation  naturally  accompany  the  changing 
convergence  of  the  eyes  for  near  objects,  and  the  resulting  sensa- 
tions enter  into  the  spatial  series  oat  of  which  the  presentations  of 
visual  sense  are  constructed.  In  the  alteration  of  the  indices  of  re- 
fraction, and  in  the  contraction  of  the  pupils,  the  eyes  act  together 
under  the  influence  of  motor  impulses  from  the  central  nervous 
organa 

§  17.  An  effort  to  see^  and  a  corresponding  fixation  of  the  atten* 
tion  upon  the  object  lying  at  the  point  of  regard,  are  implied  in 
the  convergence  of  the  eye&  The  eyes  of  new-bom  children  and 
eyes  that  are  recentiy  couched  after  long-continued  blindness  move, 
as  a  rule,  in  parallel  lines.'  Arrest  of  attention  brings  the  two 
eyes  into  use  as  one  organ^  and  this  necessitates  the  turning  of  the 
lines  of  vision  of  both  so  that  they  shall  meet  at  a  common  point 
where  lies  their  common  object  It  follows,  also,  that  the  sensa- 
tions accompanying  innervation  of  their  muscles  so  as  to  produce 
convergence  are  of  capital  importance  in  the  construction  of  the 
most  elaborate  and  intelligent  visual  presentationa  According  to 
Wundt,  these  ''  feelings  of  innervation ''  ore  the  direct  expression 
in  consciousness  of  the  cerebral  changes  that  accompany  the  initiat- 
ing of  motor  impulses  in  the  central  organa  They  differ  only  in 
intensity  or  amount  It  is  by  the  **  feeling  "  of  this  amount,  as  it 
were,  that  our  knowledge  of  the  size  and  distance  of  the  object 
seen  in  convergence  is  obtained.  Wundt's  view  *  of  the  nature  and 
origin  of  the  feelings  of  innervation,  however,  is  unsatisfactory. 

In  the  opinion  of  Hering,*  the  innervation  of  both  eyes  is  equal, 

"  Comp.  Hering,  in  Hermann's  Handb.  d.  PhjrsloL,  III.,  i.,  p.  497  f . ;  and 
Le  Conte,  Sight,  pp.  177  flf.  «  Sight,  p.  190. 

»  Comp.  Dondeni  in  Pflttger's  Archiv,  xiil. ,  p.  883. 
«  See  PhyBiolog.  Psjchologie,  ii.,  p.  118  f. 
»  Physiolog.  Optik,  Hennann's  Handb.  d.  Physiol.,  in.,  i.,  p.  519  f. 
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howeTer  they  are  moyed  with  relation  io  eaeh  other.  Eren  when 
the  moyements  of  the  two  are  unequal,  the  law  holds  ;  for  each  eje 
is  then  under  the  influence  of  iwo  innervations,  one  of  which  is 
directed  toward  turning  both  eyes  right  or  left,  and  the  other 
toward  turning  them  inward  or  outward.  As  a  result,  in  one  eje 
the  two  innervations  would  support,  and  in  the  other  eye  oppose, 
each  other — thus  bringing  about  a  compensation.  In  this  way  the 
will  guides  its  pair  of  horses  in  either  direction  by  a  pull  upon  one 
rein.  The  innervation  for  accommodation  is  also  supposed  to  be  in 
like  manner  bilateral  and  uniform.  Whatever  view  may  be  taken 
of  the  foregoing  theories  as  to  the  distribution  of  central  innerva- 
tion to  the  two  eyes  and  as  to  the  origin  of  so-called  "  feelings  of 
innervation,"  there  can  be  no  doubt  that  the  mental  representatives 
of  the  different  areas  passed  over  and  positions  reached,  in  both 
parallel  and  converging  motions,  are  important  factors  in  construct- 
ing the  presentations  of  sight 

§  18.  By  the  various  helps  already  described,  stereoscopic  vision 
and  the  seeing  of  things  in  perspective  are  made  possible.  To  one 
eye  acting  alone  and  without  previous  experience,  only  one  of  th 
spatial  series  possible  could,  in  any  event,  serve  as  a  suggestion  o 
depth  ;  this  is  the  series  of  muscular  sensations  accompanying  the 


accommodation  of  the  eye  to  near  distances.    How  littie  such  sen 

sations  of  themselves  can  accomplish,  even  at  the  end  of  years  o=^  -i 
experience  in  binocular  vision,  the  experiments  of  Wundt  mak< 
obvious  (already  alluded  to,  p.  433).  Our  localization  of  objecl 
by  one  eye,  with  respect  to  the  third  dimension  of  space,  is  coi 
fessedly  very  imperfect  even  under  the  best  of  circumstances, 
is  probable,  then,  that  the  field  of  monocular  vinon  is  direct!] 
known  only  as  a  plane,  and  that  all  immediate  perception  of  de] 
depends  upon  the  existence  of  double  images  and  muscular  seo-  -^' 
sations  derived  fix>m  the  movements,  especially  in  convergence,  o=  -^^ 
the  two  eyes. 

The  stereoscopic  and  perspective  vision  which  takes  place,  witl^^ 
apparent  imm^diateness,  even  when  one  eye  is  closed,  is  therefora^^ 
really  mediate  and  indirect ;  it  is  accomplished  solely  by  secoKL  - — 
ary  means  of  van-ing  intensities  of  light  and  color,   changes  ii 
apparent  magnitude,  etc.,  on  the  basis  of  associations  gained  b; 
using  both  eyes  and  the  hand.     Accordingly,  it  is  easy  to  redue^ 
all  the  objects  seen  in  the  field  of  monocular  vision  to  one  depUi— 
to  flatness   outlined   on   the   same  plane — by  cutting    off  these 
secondary  helps  and  withdrawing  attention  as  much  as  posabld 
from  the  influence  of  judgment  based  on  experience.     By  nearly 
closing  one  eye  while  the  other  is  wholly  shut,  objects  really 
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Bitoated  at  different  dietanoes  from  the  head  may  eaaOy  be  made 
fco  appear  as  patches  of  light  and  color  Mended,  indiatinguiahablj 
to  the  Yiaual  perception,  with  other  patches  of  the  retina's  own 
light  That  is  to  say,  when  the  results  of  experience  in  interpret- 
ing the  secondary  signs  of  the  third  dimension  are  withdrawn,  the 
field  of  monocular  Tision  becomes  as  purely  two-dimensioned  as  is 
the  *'  retinal  field." 

§  19.  There  is  no  doubt  that  the  double  images,  and  the  muscu- 
lar sensations  resulting  from  binocular  moyement,  furnish  moHfs 
for  the  immediate  perception  of  the  distance  and  solidity  of  ob- 
jecta  In  other  words,  these  two  spatial  series  are  most  important 
data  for  constructing  visual  presentations  of  objects  having  the 
third  dimension.  It  is  more  doubtful  just  how  this  service  is 
rendered.  Stereoscopy  has  made  the  fact  familiar,  that  the  two 
images  of  each  object  are  different  as  furnished  by  the  two  eyea* 
The  right  eye  sees  the  object  farther  around  on  its  right  side,  the 
left  eye  on  its  left  Every  small  portion  of  a  solid  object,  as  seen 
in  binocular  vision,  provided  it  lies  a  little  way  out  of  the  poiirt  of 
regard,  instead  of  consisting  of  two  exactly  similar  sets  of  lines 
which  might  be  superimposed,  consists  of  two  sets  of  minute 
curves  that  are  partial  images  of  its  lines  and  are  different  for  each 
eye.  The  constant  and  uniform  objects  of  sense  which  appear 
through  the  use  of  both  eyes  result,  therefore,  from  uniting  a  great 
number  of  varying  partial  images  of  these  objects  due  to  simul- 
taneous excitation  of  both  retina&  In  some  manner  or  other  the 
perception  of  solidity  is  substantially  aided  by  the  combination  of 
these  partial  images. 

Furthermore,  in  ordinary  binocular  vision,  our  perception  of  the 
solidity  and  distance  of  objects  is  accomplished  largely  by  motion 
of  the  eyes  which  successively  unites  and  separates  the  double  im- 
ages of  the  objects  seen.  In  viewing  all  objects  of  any  size,  whether 
near  or  distant,  we  maj  readily  become  conscious  of  the  fact  that 
we  are  engaged  in  sweeping  over  the  field  of  vision  with  a  moving 
point  of  regard.  Even  when  we  suppose  the  eye  to^e  looking  at  a 
single  point,  with  a  perfectly  fixed  regard,  it  is  actually  making 
short  and  rapid  excursions  in  one  direction  and  another  around 
this  point  How  difficult  it  is  to  keep  the  organ  of  vision  perfectly 
motionless,  anyone  knows  who  has  tried  to  hold  steady  one  of  tlu> 
floating  specks  {mutscce  volitantes)  situated  in,  and  projected  in  \ho 

»  For  the  ttudjr  of  the  theory  of  rtereosoopj  as  a  matter  of  option,  th«  n»int.»r 
is  referred  to  treatises  on  this  soience  ;  a  brief  aUusion  to  the  faol  in  (>i)«>nuh 
for  our  purpose,  which  primarily  is,  of  course,  to  illustrate  the  pn.vrholiHi.r  of 
Tisoal  perception. 


Sndi  iMAi  aftreiigdien  the  tfaeoiy  of 
and  odfess.  that  we  gmin  oar  peieeptkm  of  depth  by  numing  the 
{KHiLt  of  Rgsrd  ba^  and  f <Mih  with  a  mrying  degree  of  conver- 
gence  to  the  axeay  and  ao  romhhiing  WMXffiwavely  the  different  parts 
of  the  two  picturca  aa  aeen  bj  the  two  eyea 

Bat  that  motioii  ia  not  neoeaBaiy  for  siereoaoopic  Tiaion  with 
adoit  ej«s  is  proTed  by  ^diat  is  known  aa  **  Dove's  experiment" 
A  &eU  coaapoaad  oi  different  adid  objects  stationed  at  different 
dstances  in  sp&ety  or  of  two  stereoscopic  ptctores^  may  be  seen  in 
perspeccrre  when  iUaminaled  by  the  light  of  an  electric  spark 
the  dmatioQ  of  this  qpark  is  perhaps  not  more  than  jiij^ 
.  it  is  plain  tiiai  no  change  ci  oonTergence,  or  running  back  and 
forth  of  the  point  of  regard,  baa  time  to  take  place.     It  is  asserted 
by  Le  Conte '  that  the  interpretation  of  the  double  images  depends 
upon  the  fact  that  soch  images  of  any  object  are  different  according 
as  the  object  lies  nearer  or  more  remote  than  the  point  of  regard. 
In  the  lattor  case,  the  doable  images  are  called  ^'  homonymous," 
and  are  united  by  leu  conTergence  ;  in  the  former  case  they  are 
called  '*  heteronTmoasy"  and  are  united  by  greater  convergence  oi 
the  optic  axe&     Now  the  obaexrer  knows,  "  insHnciively  and  toithoui 
irialy^  whether  greater  or  lesa  optic  conyergence  will  be  necessaiy 
to  unite  the  doable  images  ;  and  acc(»:dingly  refers  the  homony- 
mous images  to  objects  beyond,  the  heteronymous  images  to  objects 
this  siJe  of,  the  point  of  regard.     But  the  question  arises,  How  does 
this  so-<.*alIed  *'  instinctiTc  **  knowledge  come  ?    It  can  scarcely  be 
by  way  of  a  native  insight  into  the  distinction  between  homoDy-| 
mous  and  heteronymous  images,  as  such  ;  or  throughly  seeing  of 
both  retinal  images  by  the  mind*s  eye,'  as  it  were.     Since  what  is 
needed  to  unite  the  images  is  motion  of  the  eye,  and  since  tbo 
mind  has  always  been  accustomed  to  associate  sensations  of  motion 
with  the  double  images  of  binocular  vision,  it  is  impossible  to  avoid 
the  conclusion  that  insiantaneous  binocular  vision,  like  monocu^ 
vision,  of  solidity  and  disitmce,  is  secondary  and  wholly  dependent 
upon  previous  experience  acquired  with  both  eyes  in  motion. 

§  20.  Localizing  of  the  third  dimension  is,  accordingly,  mucb 
more  secure  in  binocular  than  in  monocular  vision  ;  and  judgments 
of  distance  are  assisted  greatly  by  movements  of  both  eye&   ^ 

»  Archives  des  Sciences,  iii.  (1858),  p.  142. 

«  Sight,  p.  151 ;  and  Am.  Journal  of  Science  and  Arts,  ii.,  1871,  p.  425. 

'  To  say  that  **each  eye,  as  it  were,  knows  its  own  image,  although  auc^ 
knowledge  does  not  emerge  into  distinct  oonscionsness,'*  is  in  plain  contiiuli^' 
tion  with  all  the  fundamental  laws  which  psychology  has  to  propound  eon* 
ceruing  the  nature  of  visual  perception. 
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lo  oihar  imoiiftar  seeing  depth  of  qMoe  is  present^  aeeofding  to 
lering '  the  fbUowing  law  seexne  to  hold  :  All  the  lines  or  points 
rhose  images  lie,  with  a  given  position  of  the  point  of  regard,  in  the 
"ertieal  horopter,  appear  clearly  defined  on  a  surface  which  is  either 
>lane  or  slightly  cylindrical,  and  all  the  lines  or  points  lying  this 
ide  of  the  surface  of  the  vertical  horopter  and  whose  images  have 
i  "  crossed  disparateness "  (that  is,  the  left  one  of  the  double  im- 
iges  belongs  to  the  right  eye,  and  the  right  one  to  the  left  eye — 
oaking  them  "  heteronymous "),  appear  in  front  of  the  surfEU» ; 
rhile  those  lying  beyond  the  horopter  and  whose  images  have  an 
'  uncrossed  disparateness  "  (that  is,  the  right  image  belongs  to  the 
ight  eye,  and  the  left  image  to  the  left  eye — making  them  "  hom- 
onymous "),  appear  behind  the  surface  on  which  whatever  lies  in 
he  horopter  is  seen.  But^  as  we  have  already  learned,  interpretar 
ion  of  the  double  images  for  the  stationary  eyes  is  an  acquired  art, 
rhich  is  dependent  upon  previous  association  of  the  retinal  signs 
»f  both  eyes  with  muscular  sensations  arising  from  the  innervation 
ind  movement  of  the  eyea  It  is  also  in  perfection  of  practice  de- 
>endent,  as  all  stereoscopic  vision  is,  upon  the  so-called  "  second- 
try  "  means  of  such  vision. 

§  2L  All  stereoscopic  vision,  or  vision  of  perspective  for  remote 
»bjects,  requires,  in  order  to  secure  any  considerable  accuracy,  the 
arger  use  of  *'  secondary  helps."  Five  or  more  classes  of  such  helps 
Day  be  mentioned.  Vision,  as  accomplished  by  such  means,  is 
»ften  called  judgment  in  distinction  from  immediate  perception. 
Dhis  should  not  be  held  to  imply  that  activity  of  the  mind  in  as- 
ociation  and  discernment  is  not  involved  in  all  the  presentations  of 
ense.  The  distinction  lies  between  such  a  synthesis  of  the  sensa- 
ions  into  objects  of  sense  as  is  inseparably  connected  with  all  nor- 
aal  binocular  vision,  and  such  other  seeing  (or  judging)  of  the  spa- 
ial  properties  and  relations  of  remote  objects  as  depends  for  its 
ccuracy  upon  changing  aspects  of  these  objects.  The  increased 
lecessity  for  secondary  helps  when  the  objects  of  vision  are  remote 
rises  largely  from  the  fact  that  the  mind  loses  the  data  (or  motifs) 
hat  accompany  strong  convergence  and  accommodation  of  the  nor- 
mal eye  for  near  object&  Changes  in  the  tone  and  intensity  of  the 
auscular  sensations  are  comparatively  slight  on  passing  from  vision 
f  objects  20-40  feet  distant  to  vision  at  infinite  distance.  On  the 
ontrary,  such  changes  are  relatively  great  on  converging  the  eyes 
0  alter  the  point  of  regard  from  a  distance  of  20-40  feet  to  one 
f  5-6  inches ;  still  greater  on  increasing  the  convergence  for  still 
earer  vision.  Hence  the  mcreased  necessity,  in  vision  of  distant 
>  Phjrslolog.  Optik,  Hermann's  Handb.  d.  Phjiiol.,  III.,  i.,  400  f. 
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objeota,  for  other  seoondaiy  helps  to  take  the  place,  as  it  were,  of 
the  diminished  value  of  the  primaxy  data  or  motifs  of  the  eye. 

§  22.  The  principal  secondary  helps  of  stereosooinc  Tision  and 
Tision  of  perspective  are  the  following : '  The  course  of  the  limiting 
lines  of  the  objects  in  the  field  of  vision  determines  our  peroeptiofi 
of  their  distance  and  form  as  lying  in  the  third  dimension  of  i^noe. 
In  looking  at  a  building,  we  connect  together  into  vertical,  harLeoxi- 
tal,  or  curved  wholes,  the  successive  fragments  of  the  images  of  its 
lines  as  the  eyes  are  swept  along  in  the  requisite  directions, 
these  lines  become  confused  in  distinctness,  or  changed  into 
tions  that  are  contrary  to   our  previous  experience   of  how  thi 
parts  of  a  building  appear  to  the  eye,  we  are  liable  to  errors  in 
ception«     When  the  bottom  lines  of  a  distant  object  are  covi 
its  distance  and  shape  in  the  third  dimension  become  uncertain  t 
the  eya     Mountains  that  tower  behind  each  other  seem  to  lie 
one  surface,  provided  the  presence  of  other  secondary  helps,  su 
as  atmospheric  perspective,  etc,   is  excluded.     The  parts  of 
shaded  geometrical  figures  drawn  on  a  plane  where  the  course 
their  outlines  does  not  define  the  matter  to  us  as  fixed  in  one 
may  often  receive  two  or  more  interpretations;  they  may   th 
actually  appear  as  subject  to  change  from  a  nearer  to  a  more 
mote  place  in  space.     The  same  arrangement  of  lines  may  app^^-ar 

either  as  a  staircase  oe —    a 
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Fio.  109  (From  Wnndt).— a  can  be  made  to  appear  eitlMr 
nearer  or  farther  off  than  6. 


portion  of  an  overhar:ift.g- 
ing  wall  (see  Fig.  l(^rS). 
The  same  angle  of  a  poiXj* 
gon  may  be  made  to  se^^tm 
either  the  nearest  or  CJie 
most    remote*      Indeed, 
the  whole  stereoscopy  of 
certain  figures  may  thus 
easily  be  reversed.    Bat 
if  the  course  of  the  Umit- 
ing  lines  of  an  object  for- 


bids more  than  one  interpretation  of  the  relations  of  its  parts  in 
the  third  dimeDsion  of  space,  then  the  object  must  be  seen  as  in- 
terpreted in  that  one  way.  Objects  of  known  size  and  shape  are 
seen  as  nearer  or  remote,  according  to  the  manner  in  which  the 
parts  cover  each  other  and  are  covered  by  each  other.  The  con- 
tour of  an  object,  then,  is  one  determining  factor  of  its  stereosodpfi 
appearance  (see  Fig.  103). 

*  Comp.  Wundt,  Physiolog.  Psjrchologie,  ii.,  p.  145  f.;  and  Helmholtt,  Fhjs- 
iolog.  Optik,  pp.  022  ff.  and  706  ff. 
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Maihemaiicdl  penpecHve,  or  the  size  of  the  angle  of  Tidon  which 
18  covered  by  near  and  far  objects  respectively,  is  one  of  the  most 
important  secondary  helps  of  stereoscopic  vision  and  vision  of  per- 
spective. In  this  way  objects  of  known  size  are  seen  as  placed  at 
a  distance  necessary  to  give  them  their  apparent  size.  The  street 
appears  narrower  and  more  distant,  the  houses  lower  and  more  re- 
mote, in  the  upper  part  of  its  visual  picture.  Parallel  lines,  like 
the  tracks  of  a  railway,  appear  to  converge  from  us  more  and  more 
toward  a  point ;  the  same  thing  is  true  of  the  sides  of  the  table  or 
box  at  one  end  of  which  we  are  standing,  or  of  the  walls  of  the 


no.  108  (From  Wnndt).— The  two  rings  A  and  B  may  be  etereoacopioany  oombined  in  eitbn  of 
the  following  wa7»— aooording  an  the  vertioal  or  horisontal  oontoon  preraiL 

room.  For  although  the  perspective  of  visual  experience  is  very 
different  from  true  '*  mathematical  perspective,"  the  latter  affords 
to  the  former  one  of  the  secondary  helps. 

More  distant  objects  are  also«  on  account  of  the  amount  of  atmos- 
phere through  which  the  rays  of  light  reflected  from  them  have  to 
pass,  more  dim  in  outline  and  of  changed  shades  of  color.  Such 
alterations  in  the  character  of  the  image  furnish  another  of  the 
secondary  helps  of  our  vision  of  perspective.  Accordingly,  things 
are  seen  nearer  in  a  clear  atmosphere,  more  distant  in  one  less 
dear.     This  is  sometimes  called  ''  ai^rial  perspective." 

The  size  and  direction  of  the  Bhadoioa  also  furnish  data  for  the 
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Mptinii  of  thn  distanee  and  shape  in  the  third 


I  objfi-ts.     lu  the  moniing  and  e 


;  light,  when  hU  si 


blcnUtlnmed,  the  objccta  of  tiip  liin<lBCJii>e  appear  t 
1  other.  11)6  direetiou  i 
differont  fibj^icts  with  tvlnlion  to  cncb  oth^r  and  to  the  source  fi 
whi<:h  thu  lit;ht  t-omva  iit  eiaa  an  aid  to  vieion  of  perspe<^tive. 
nrnuigE^mcut  of  the  lights  and  shadows  is  bv  far  the  ntoet  im 
tant  inrnnH  fur  <1«t«miining  th«  rclnlivc  portion  in  span:  of  difliaa^ 
ent  pnrtA  of  uliji^ctu  like  iuloglios  or  miHlallions.  A  change  of  tl^^ 
aiDiDgement  of  the  Ughts  and  shadows  of  such  on  object,  so  as  bz^ 
BubHtitatf  tlio  one  fur  the  other  throughout,  contorts  an  inlnj;!^^ 
into  a  medalUon  or  bas-relief,  and  vkv  verea.  k  mnUUioo,  plac^»^ 
near  a  window,  but  shielded  from  ite  direct  light,  and  lighted  tn^n 
the  other  ludtt  hy  refivi'tion  from  a  mirror,  has  its  relief  revened. 

g  23.  Other  secoudar}-  helps  to  stereoscopic  visiou  and  riaioa  of 
perspective  arc  derived  (roiu  eiiwrience  in  a  still  more  indirect 
way.  Within  certain  limila  we  see  what  we  kuow  to  be  i: 
field  of  vision ;  but,  on  the  other  hand,  we  arc  not  infr^ 
compelled  to  see  what  wc  know  cnnnot  be  theru.  The  accotinl  d 
such  phenomena  depends  upon  laws  of  nsaociation  and  reproJnt'^ 
tion,  the  phj-sical  Itueis  for  which  ia  exceedingly  obsctire.  Sini* 
the  ultimate  parcho-physical  processes  take  place  in  the  bnin; 
and  since  the  central  processes  come  under  the  law  of  habit  iml 
are  in  part  determined  by  the  tendencies  embedded,  as  it  vnnt.  in 
the  structure  and  customary  functions  of  the  central  meclianiffl). 
the  influence  of  chants  in  the  peripheral  organs  of  vision,  U>* 
shape  and  clearness  of  the  retinal  imi^e,  etc.,  cannot  always  dt>l<^ 
mine  just  what  the  jireaentalion  of  agli' 
will  be,  SliuiV  retinal  images  admil  "^ 
two  nr  more  int<?rpretationH — whicb  ift 
terj  1  ret !it  toil  will  be  chosen  de]*i 
iqion  a  viu-icty  of  ch'cumstouoes  |] 
pei'liaps  cnnnul.  all  be  accurately  deli 
The  few  lines  drawn  upon  the  I: 
board,  or  employeil  by  the  skilful  «l 
er,  cause  us  to  see  what  W  not.  1 
rather  oiiyhUn  bo,  in  the  image  forn 
■  aamr  upon  the  retina.     Anyone  accue 

'  ^""^  to  studying  the  effect  of  the  t         

points  and  outlines  which  appear  in  th* 
image  seen  ".ith  closed  eyea  by  the  retina's  own  light,  knows  bo« 
apparently  Inwless  is  the  inti^rpretatiou  given  to  this  image.  TIm 
is  especially  true  when  attention  is  somewhat  relaxed  '  — ,  for  e: 


I'jTWArd,  parUj  ti 
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iBf  on  BJnking  into  reTery  or  deep.  Much  of  the  "stuff"  out  of 
rhich  the  usual  phenomena  of  dreams  are  made,  may  be  suggested 
nd  controlled  by  the  condition  of  the  "retinal  field."  In  all  these 
ases,  only  a  sharper  attention  and  more  objective  view  of  things  is 
leeded  to  dispel  the  illusion  and  make  us  aware  how  scanty  is  the 
ohema^  as  it  were,  out  of  which,  by  association  and  reproduction,  we 
taye  constructed  our  presentations  of  sense.  Similar  experiences  not 
ofrequently  occur  even  with  open  eyes  by  day,  in  the  dimly  lighted 
oom,  or  in  the  obscurer  nooks  and  recesses  of  vision  on  the  street. 
n  this  way  numberless  ghosts  and  apparitions  have  been  most  per- 
picuously  seen.  The  face  of  a  friend  whom  we  know  to  be  thou- 
ands  of  miles  distant  may  look  at  us  from  the  window  of  a  house  ; 
b  is  only  after  persistently  trying  to  interpret  the  appearance  in  ac- 
ordance  with  our  knowledge  that  we  finally  succeed  in  resolving 
he  face  into  some  chance  combination  of  lights  and  shadows,  of 
rindow-sash,  curtain,  or  other  objects. 

§  24.  Phenomena  like  the  foregoing  recall  once  more  the  gen- 
ral  office  of  experience  in  determining  the  existence  and  character 
f  particular  presentations  of  visual  sense.  We  have  seen  that  the 
trife  between  the  two  rival  theories  of  the  origin  and  development 
f  sense-perception  concerns  the  relative  amount  of  what  is  to  be 
ounted  "  native,"  on  the  one  hand,  or  accredited  to  a  process  of 
'  learning  "  how  to  perceive  on  the  other  hand. 

The  analysis  of  the  mind's  data  or  motifs  has  made  it  apparent 
hat  the  influence  of  experience  through  the  association  and  repro- 
luction  of  its  past  forms  is  very  great  over  the  presentations  of 
ense.'  The  mind  sees,  not  simply  according  to  the  objective 
haracter  of  so-called  "  things,"  nor  simply  according  to  the  retinal 
mages  as  connected  with  sensations  of  motions,  but  also  accord- 
Qg  ta  its  custom  in  seeing.  When,  therefore,  its  habits  are  broken 
ip  for  the  time,  its  interpretation  of  the  sensations,  as  well  as  its 
ynthesis  of  them  into  recognized  objects  of  sense,  is  liable  to  be 
listurbed.  Various  experiments  impress  this  truth  in  a  vivid  way. 
for  example,  let  one  regard,  with  one  eye,  the  reversed  picture  of 
.  landscape  or  the  photograph  of  a  friend  turned  upside  down 
iter  covering  up  nearly  all  of  it  except  the  face.  The  effect  of  the 
>9eiuioscop€y  or  optical  instrument,  which,  by  exchanging  the  two 
tereoscopic  pictures,  changes  convex  into  concave,  and  vice  versa, 
^hen  applied  to  a  complicated  scene  of  landscape,  streets,  etc.,  is 
ery  bewildering.     The  data  with  which  the  mind  has  been  wont 

'  Comp.  the  chapter,  Der  Einfluss  der  Erfahmngsmotive  anf  die  Localisi- 
uog,  in  Hering'8 Phjsiolog.  Optik,  Hermann's  Handb.  d.  Physiol.,  III.,  1.,  pp. 
64  fl. 
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to  deal  may  all  be  given,  and  the  sensations  localized  aeoarding  to 
the  laws  of  stereoscopic  vision,  bat  the  relation  of  the  parts  ia  in^ 
explicable  out  of  any  previous  experience.     Similar  effects  are  pro- 
duced by  the  tdestereoacope,^  or  optical  instrument  which  enables 
us  to  see  a  larger  portion  of  a  distant  object  than  is  possible  witlim. 
two  ordinary  eyes,  after  the  fashion  of  a  pair  of  optical  organs  izM. 
the  sides  of  a  gigantic  head.     Individual  peculiarities  of  localizin^^ 
such  as  are  acquired  by  the  practice  of  some  trade  or  art,  are  alac^ 
accounted  for  under  the  principle  of  influence /ram  experience 
those  elements  of  reproduction  that  determine  tohai  object  of  aan 
shall  be  constructed  out  of  the  various  sensational  data  at  commandi 
Indeed,  all  our  estimates  of  visual  size,  shape,  and  distance,  as  well 
as  our  "  errors  of  sense,"  can  be  understood  only  in  the  light  of 
this  same  general  principla 

§  25.  Not  only  what  we  know,  but  what  we  choose,  has  an  influx 
ence — often  a  determining  one — ^upon  what  we  see.    This  is  true, 
not  simply  because  we  can  at  will,  within  certain  limits,  decide  the 
area  of  the  field  of  vision  over  which  the  point  of  regard  shall  mofe, 
as  well  as  the  parts  of  this  area  upon  which  it  shall  be  fixated,  bot 
also  because  we  can  regulate  the  amount  of  attention  which  shaQ 
be  given  to  visual  impressions  and  the  manner  of  the  distribntiaB 
of  attention  over  the  various  parts  of  these  impressiona     Further- 
more, it  often  lies  with  us  to  say  how  we  will  interpret  ihe  data, 
and  so  see  the  complex  product  resulting  from  the  act  of  mental 
synthesis.     This  is  especiaUy  true  of  geometrical  figures  in  outliBe, 
as  in  the  cases  already  referred  to  under  another  head  (§  22). 

§  26.  With  the  use  of  the  foregoing  data,  and  under  the  gpiidanoe 
of  past  experience,  we  judge  of  the  spatial  extension  and  relationfl 
of  lines,  angles,  and  solid  bodies,  of  their  shape,  size,  distance,  and 
relative  situation.     The  position  of  lines  and  angles  afiects  our  es- 
timate of  their  magnitude ;  under  this  principle  many  errors  of  senae 
originate.     Distance  and  size  are,  of  course,  so  related  that  theyTarj 
inversely,  and  when  one  is  known  the  other  is  immediately  or  readily 
judged  on  the  basis  of  such  knowledge.     But  the  size  of  the  visual 
object  is  measured  by  the  magnitude  of  the  visor  angle  covered  by 
its  image,  or  the  relative  extent  of  the  retinal  surface  simultaneously 
excited  by  the  rays  of  light  reflected  from  the  object     This  is  called 
its  ''  apparent  magnitude.''    The  real  magnitude  of  any  object  is  its 
size  as  related  to  certain  fixed  standards  of  measurement  formed  on 
the  basis  of  generalizations  from  the  use  of  both  eye  and  hand.    Dis^ 
tance,  apparent  magnitude,  and  real  magnitude,  are  therefore  con- 

>  See  Helmholts,  Phjsiolog.  Optik,  p.  646  f.,  for  an  aocoont  of  these  two  in- 
Btniments. 
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netted  asihree  factors  of  one  problem  proposed  by  each  presentation 
of  sighl     GU^en  tbe  apparent  magnitude  and  the  real  magnitude  of 
an  object,  we  judge  of  the  distance  according  to  our  experience  of 
bow  large  an  object  of  such  size  appears  at  an  assumed  distance. 
Tbe  remote  spot  on  which  a  human  figure  is  standing  seems  nearer 
or  farther  away  according  as  we  know  the  figure  to  be  that  of  a 
man  or  that  of  a  boy.     Distance  and  apparent  magnitude  being 
given,  the  real  magnitude  of  the  object  is  judged  as  that  which  it 
would  need  to  haye  in  order  to  appear  so  large  at  the  given  dis- 
tance.    When  one  of  the  two  necessary  data  is  lacking,  no  judg- 
ment can  be  formed  except  upon  the  basis  of  other  secondary  helps, 
such  as  atrial  perspective,  etc.     Thus,  no  common  standard  for  es- 
timating the  distance  of  the  sun  or  moon  being  given,  their  size  ap- 
pears different  according  to  the  place  where  different  observers  are 
inclined  to  locate  them,  or  according  to  the  standard  of  comparison 
made  necessary  for  the  time  by  their  position.     These  bodies  ordi- 
narily appear  to  some  persons  no  larger  than  a  saucer,  to  others 
larger  than  a  large  cari-wheeL     When  the  sun  sets  behind  a  tree, 
the  size  of  the  spreading  of  whose  branches  is  fairly  well  known,  it 
may  be  enormously  magnified  by  being  seen  to  fill  its  branches  en- 
tirely. 

§  27.  When  the  eye  is  in  motion,  as  in  all  ordinary  vision  of  ob- 
jects not  very  minute  and  very  near,  the  number,  duration,  and  in- 
tenniy  of  the  spatial  series  of  sensations  called  forth  by  the  motion 
determine  our  estimate  of  the  outline-form,  magnitude,  and  dis- 
tance of  the  object&'  Every  spatial  series  of  sensations  contrib- 
utes the  larger  magnitude  to  the  object  the  greater  the  number  of 
members  which  enter  into  the  series.  For  this  reason  the  same 
extension  of  a  line  or  surface  when  broken  up  into  parts  by  inter- 
secting lines  appears  larger  than  when  perceived  as  an  uninter- 
rupted whole.  The  repetition  of  similar  figures  in  architecture, 
upon  walls,  columns,  etc.,  takes  advantage  of  this  effect 

The  intensity  of  the  sensations  of  a  spatial  series,  and  of  the  act 
of  attention  necessary  to  comprehend  them  in  one  whole  as  a  pres- 
entation of  sense,  also  has  an  influence  on  the  size  of  the  object. 
When  the  movements  of  the  eyes  are  made  with  lamed  or  tired 
muscles,  the  size  of  the  thing  perceived  by  them  is  increased. 
When  the  function  of  one  of  the  muscles  (for  example,  the  rectus 
extemiis)  is  impaired,  so  that  the  circuit  of  the  eye  in  a  given  direc- 
tion is  shortened,  objects  lying  at  any  position  in  the  field  of  vi- 
sion, as  seen  by  the  eye  moving  in  the  shortened  circuit,  are  located 
where  they  would  have  been  if  the  same  intensity  of  muscular  sen- 

iComp.  Yolkmann  von  Volkmar,  Lehrb.  d.  Psjchologie,  1885,  II,  pp.  99  ff. 
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sation  had  been  necessary  to  bring  them  to  this  position  with  a 
normal  function  of  the  muscles.     A  patient  with  pandjsiB  whidi 
prevents  turning  the  eye  more  than  20^  will  locate  an  object 
actually  lying  only  20^  from  the  median  plane  much  farther  to 
one  side.     Such  a  patient  will  reach  beyond  when  he  tries  to  gnep 
the  visual  object.     The  increased  size  which  is  given  to  objects 
that  are  parti-colored  or  mottled,  and  so  have  an  interrupted  sur- 
face and  furnish  greater  difficulty  to  perception  of  them  as  wholoB^ 
may  be  due  to  both  the  foregoing  causea     Yolkmann  Ton  Yolk- 
mar  *  calls  attention  to  the  fact  that  both  monotony  and  variety 
may,  under  the  working  of  these  principles,  be  productive  of  the 
same  effect  in  magnifying  the  size  of  an  object.     For  the  size  of 
any  visual  surface  is  usually  estimated  by  the  application  of  some 
standard  of  measurement  selected  from  the  field  of  vision.     The 
frequent  repetition  of  this  standard  creates  the  impression  of  vast- 
ness ;  and  the  absence  of  any  standard  to  apply,  or  a  vague,  unsoo- 
cessful  effort  to  find  a  standard,  may  produce  the  same  impression. 
Monotonous  areas  of  imbroken   snow,   and  stretches  of  streets 
crowded  with  forms  of  men  and  animals,  both  seem  of  great  ex* 
tent. 

The  amount  of  time  through  which  the  spatial  series  of  seosft- 
tions  endure  has  also  an  influence  on  the  magnitude  of  the  objects 
perceived  through  those  sensationa  It  is  as  enduring  in  time  that 
the  changing  qualities  and  quantities  of  sensation  which  helong 
to  the  perception  of  any  complex  object  are  expressed.  The  length 
of  the  time-course,  as  well  as  the  degi'ee  of  the  intensity  of  the  spa- 
tial series  of  sen  nations,  may  be  interpreted  as  extensive  magnitude 
of  the  perceived  object. 

§  28.  The  laws  which  control  our  estimates  of  visual  magnitudes 
are  psychological,  and  apply  to  all  the  action  of  the  mind  in  con- 
structing its  sense-data  into  the  presentations  of  sense.  Yet  more 
elaborate  mental  activities,  such  as  take  place  when  the  distance, 
size,  and  cont<>ur  of  visual  objects  are  deliberately  estimated  and 
expreHsed  in  terms  of  an  accepted  standard,  of  course  imply  more 
of  dependence  upon  skill  acquired  through  experience. 

The  degree  of  fineness  with  which  differences  of  distance  and 
magnitude  can  be  seen,  under  the  most  favorable  circumstances,  is 
limited  bv  the  least  observable  differences  in  the  members  of  the 
spatial  series  of  sensations  which  compose  the  risual  objects.  Of 
such  series,  those  most  capable  of  exceedingly  fine  differentiation 
are  the  local  retinal  signs  and  the  muscular  sensations  accompany- 
ing convergence   of  the  eyes  for  near  distances.     It  is  difficult 

I  Lehrb.  d.  PByohologie,  II.,  p.  101 1 


XEASURnra  powkr  ok  ttik  eye. 


461 


FSie  *w«it  proportion  of  help  wliicb  iheao  hro  seriea  ren- 

D  tttakinf;  tUe  fiuvst  posnible  ilistiDctJons  of  visual  magniladc. 

s  tlintanv  holp  is  obtained  from  inueculnr  eeDsationa, 

"fwUngH  "f  inncrrntion,*' in  comiiariiig  th(*  ai^e  of  two  minute 

r  bj-,  iukI  nseigns  all  Uie  work  of  funiishiug  Huch  ilnta  U> 

i)  BfHse  of  tlie  retina."    I»tze/  who  admitt«<I  tlie  as- 

K  of  muHciilar  seiifmtioTiH,  nevei-theless  bcM  that  the  fuieneBS 

t  iliatinrtionn  poaatble  among  tbcm  ia  not  sitfGcient  to  support 

r  oTilinarr  jiidf^nt'obt  of  tlie  size,  tlistanoe,  and  direction  of  ob- 

Wuiiilt '  nnd  olfaera  claim  tliat  it  i§  by  grnilntinns  in  the  k>- 

"  feelings  of  innvrvatioii  "  nlone  that  wc  make  Uie  most  ancu- 

f  thaae  eiitimat«fl ;  they  d«'ny  that  any  "  spatial  sense  "  (in 

g'«  nwuiing  of  the  words)  belongs  to  the  retinii,     The  etri- 

m  lo  tutor  the  now  that  l^ilh  the  mnsinilitr  sensBtionB  and 

il  BigDB  furnish  data  for  all  nice  discrimination  of 

I-  dofTTOfl  of  nccumoy  with  which  minute  diffcrenceB 
iBce  and  magnitude  of  visual  objects  oou  bo  perceived 
illy,  n<vordi[ig  to  different  positions  of  the  eyes  and  the 
I  >in<mnt  of  light,  pnu-tire.  Flc.^nnd  all  thfse,  as  con- 
]  with  indiTvlual  peculiarities  o(  structure  and  previous  funo- 
4  Ih"  oiyitw  of  Bonfie.  Tliat  Hiich  catiiuatps  fall  to  eora^  extent 
r  Weber'a  Inw—in  otiicr  wnnlit,  that  the  It^ost  observnblo  dif- 
t  ID  tfie  length  of  visitnl  hntii  and  surfaces  is  relative  and 
lutK — hiM  itlreodv  been  shown  (Chap.  V..  %  IH).  Cliodio 
0  rvlalive  rulun  of  the  leuat  ohservahle  ililTerenoe,  with  a 
pot  tha  absolnte  vertical  distance  from  'i.5  to  160  mm,,  to 
a  the  linos  lio  in  the  enmo  direction : 


{A-/«  A*A  ^-.^  ^i-V*  A-A  Vi-A  A-A 
at  oeokr  judgment  U  greater  for  borixontol  di»- 

■nring  pnwn-  of  Die  «ye  i*  much  leas  accorato  when  the 

■  (oroiwred  lie  in  diflbreDl  diroctiotUL   In  particuhir,  pninta 

It  Bt  a  Tcrtind  distanrtt  <>(  20  mm.  are  cKtimaUxI  as  Mjually  far 

f  with  IboM  lying  at  a  horizontal  diirtjince  of  2S  mm.'    iloet 

I  of  dti«etioD  and  distance  are  com  para  tively  inaanirate 

■  ooljr  oDoryBiiiuaed.     A  vprtiral  line  drnwu  at  right  anglM  to 


•  nuuii>.  d  riiTiioL,  III.,  1 ,  p.  nsa  f. 

*HmI1«>m   Pq-cbulofl*.  3M  f. 

'njclotac.  ly^tlMilocla.  tl,  pp.  M  ff. :  romp,  i.,  pp.  STB  C 

■••  Wnadt  foBBd.  Itijiluluv,  Pirrhulanfo.  IL,  p.  M. 
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a  horizontal  appears  bent  to  monocular  yision ;  its  apparent  inclina- 
tion is  variable,  and  was  found  by  Donders '  to  Tazy  between  1^  and 
d^  of  the  angle  within  a  short  time. 

Helmholtz '  experimented  to  determine  the  accuracy  of  the  bi- 
nocular perception  of  depth  by  trying  how  small  a  deviation  from  a 
perfectly  straight  line  could  be  detected  in  a  wire  bent  at  one  point 
so  that  its  two  halves  formed  an  extremely  obtuse  angle,  when  the 
wire  was  looked  at  both  in  and  out  of  the  horopteric  line  ;  he  also 
employed  for  the  same  purpose  three  nails,  the  heads  of  which  could 
be  very  slightly  displaced  from  a  straight  line.  Under  the  most 
favorable  circumstances,  he  found  that  a  displacement  of  a  nail  by 
a  change  of  its  distance  corresponding  to  60^  seconds  of  the  angle 
of  vision,  or  0.0044  mm.  variation  in  the  position  of  the  retinal 
image,  could  be  detected.  The  latter  distance  corresponds  so  well 
to  the  calculated  size  of  the  retinal  elements  (see  p.  327)  as  to  form 
an  argument  in  favor  of  the  theory  that  estimates  of  size  and  dis- 
tance are  dependent  upon  the  local  signs  attached  to  the  excitatioD 
of  these  elementa 

But,  on  the  other  hand,  it  is  claimed  that  Weber '  ahowed  the 
muscular  sense  of  the  eye  to  be  one  of  the  finest  of  micrometfi^ 
apparatuses,  since  a  distinct  muscular  sensation  is  attached  to  a 
displacement  of  the  most  sensitive  spot  of  the  retina  of  not  mon 
than  j^  of  a  Parisian  line.     By  experimenting  with  a  black  ihiead 
stretched  over  against  a  white  wall  and  moved  in  the  median  plflD« 
toward  and  from  both  eyes,  which  looked  at  it  through  a  horizon- 
tal slit  in  an  upright  board,  it  was  found  possible  to  detect  chaDges 
in  distance  of  3.5  ctm.  at  an  absolute  distance  of  180  ctm.,  and 
changes  of  1  ctm.  at  an  absolute  distance  of  60  ctm.  * 

g  2i>.  The  data  or  motifs  already  described  are  the  foundation, 
also,  of  our  jyerceptions  of  motion,  and  of  our  estimates  of  its  di- 
rection, speed,  and  extent     It  need  scarcely  be  said  that  all  such 
perceptions  and  estimates  are  relative  ;  they  imply  the  existence  of 
some  point  which  may  be  regarded  as  fixed,  and  the  application  of 
a  standard  of  measurement.     For  perceptions  of  motion  by  the  eye, 
the  point  of  regard  when   the  organ  is  in  the  primary  position 
furnishes  the  means  of  orientating  ourselves  and  of  placing  the  dif- 
ferent tliinfTs  of  vision  in  their  right  relations  to  us  and  to  each 
other.    Suj^pose  the  body  and  head  to  be  erect,  and  the  eyes  motion- 

>  Arcbiv  f.  Ophthalmolotrie,  XXL,  iii.,  p.  100  f. 
«  See  Physiolog.  Optik,  p.  644  f. 

^  In  the  Ber.  d.  siichs.  Gesells.,  etc..  for  1852,  p.  130;  cited  by  YolknuDii 
von  Volkmar,  Lehrb.  d.  Psjchologie.,  II.,  p.  56. 
*  See  Wundt,  Physiolog.  Psychologie,  ii.,  94  f.,  and  the  reference  there. 
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less  and  looking  into  the  distance  with  the  lines  of  vision  parallel ; 
the  perception  of  motion  may  then  arise  in  either  one  of  two  way& 
Of  these,  by  far  the  most  frequent  is  the  change  of  relative  position 
of  an  object  in  the  field  of  vision  which  is  occasioned  by  its  move- 
ment. What  is  necessary,  however,  is  simply  the  successive  stimu- 
lation of  continuous  points  or  areas  of  the  retina  with  images  that 
are  sufficiently  similar  to  be  perceived  as  one  object  The  percep- 
tion of  motion  may  also  be  produced  by  the  successive  stimulation 
of  the  same  points  or  areas  of  the  retina  with  images  that  are  too 
dissimilar  to  be  regarded  as  one  object  One  may  thus  see  motion 
when  neither  the  eyes  nor  aoy  external  objects  are  really  moved. 
It  is  in  the  latter  way  that  the  colored  points  of  the  imagea  formed 
by  the  retina's  own  light,  when  the  eyes  are  closed  and  motionless, 
seem  to  be  in  constant  motion. 

The  direction  and  amount  of  motion  perceived  with  the  eyes  is 
measured  off  upon  the  entire  field  of  vision  in  accordance  with  pre- 
vious experience  and  by  means  of  the  data  already  described.  With 
the  eyes  at  rest,  the  retinal  local  signs,  or  space-values  belonging 
to  the  retinal  elements,  furnish  the  only  primary  data  ;  secondary 
helps,  and  associated  ideas  of  muscular  sensations  which  have  been 
by  experience  found  necessary  to  follow  objects  in  motion,  complete 
the  perception. 

It  is  assumed,  in  cases  like  the  foregoing,  that  no  sensations  in- 
dicating motion  of  either  the  organ  of  vision,  or  the  head,  or  the 
whole  body,  complicate  the  problem.  But  ordinary  perceptions  of 
motion  are  gained  with  the  eyes  in  motion  out  of  the  primary 
position.  When  the  eye  and  the  object  both  move  in  such  a  way 
that  the  point  of  regard  remains  fixed  on  the  object,  our  percep- 
tions of  motion,  and  estimates  of  its  direction  and  magnitude  are 
dependent  upon  muscular  and  tactual  Bensations  occasioned  by  the 
eye's  changes  of  position.  We  know  from  experience  what  kinds 
and  intensities  of  sensations  are  produced  by  keeping  the  point  of 
regard  fixed  on  an  object  which  is  moving  at  about  a  given  rate  in 
a  given  direction.  If  any  of  the  links  ordinarily  belonging  to  this 
chain  of  conscious  experiences  drop  out,  our  measuring  instru- 
ment fails  us  either  partially  or  completely.  The  head,  too,  is  in- 
variably turned  when  we  are  watching  an  object  that  is  moving  in 
any  direction  other  than  straight  forward  or  away  from  us  along  the 
line  of  regard.  The  sensations  originating  in  the  action  of  the 
muscles  and  skin  of  the  head  and  neck  thus  enter  into  our  compu- 
tation ;  they  must  have  such  a  value  in  consciousness  as  to  inform 
us  about  how  far  the  head  has  gone  from  the  position  with  which 
it  started,  in   order  to  fixate  the  moving  object.     According  to 
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Helmholtz,'  the  ordinary  moyements  ol  the  head  in  lision  follow 
the  same  principle  as  that  followed  by  the  eyes  in  BMyvement ;  that 
is  to  say,  the  head  turns  from  its  primary  position  on  an  Bam  Hat 
is  approximately  parallel  to  the  axis  of  the  simultaneous  rotati(m 
of  iiie  eyes.     But  Bering '  asserts  that  a  difference  between  the  laws 
of  the  motion  of  head  and  eyes  is  of  essential  significance  for  our 
perception  of  space.     However  this  may  be,  it  is  certain  that  the 
position  and  motion  of  the  head,  as  known  by  its  muscular  and 
tactual  sensations,  must  be  taken  account  of  in  all  ordinary  visoal 
perception  of  motion.    The  same  thing  is  true  of  the  position  and 
motion  of  the  entire  body.     Many  of  our  errors  of  sense,  or  false 
perceptions  of  motion — its  existence,  direction,  rate,  and  amount — 
are  dependent  upon  the  principles  of  judgment  gOTcming  such 
data  of  sensations.     We  are  peculiarly  liable  to  error  in  all  cases 
where  the  motions  of  our  own  bodily  organs  are  passive  ;  in  sneh 
cases  we  do  not  have  the  ordinary  motifs,  or  data,  at  our  command 
Objects  are  perceived  at  rest,  either  when,  our  organs  of  vision 
being  themselves  at  rest,  the  images  of  the  objects  do  not  change 
their  position  in  the  field  of  vision,  or  when  sensations  of  motiQiL 
occasioned  by  moving  these  organs  are  such  and  so  great  as  we 
know  by  experience  correspond  to  (or  compensate  for)  the  changes 
in  the  position  of  their  images  which  are  occasioned  by  their  actu- 
ally remaining  at  rest.     But  whenever  we  look  with  moving  ejes 
upon  a  number  of  objects  arranged  in  fixed  position  with  relation  to 
each  other,  a  conflict  between  two  sets  of  data  really  takes  place. 
The  result  with  respect  to  our  perceptions  of  motion  may  depend 
upon  which  of  the  two  is  chiefly  effective  in  arresting  attentiou. 
When  the  eyes  are  brought  from  the  parallel  position,  which  they 
assume  in  vision  of  remote  objects,  to  convergence  upon  some  near 
object,  the  two  fields  of  view  belonging  to  the  two  eyes  rotate  in 
opposite  directions,  while  the  middle  visual  line  maintains  its  posi- 
tion in  the  median  plane.'     Ordinarily  we  do  not  perceive  this 
rotary  motion  of  the  two  fields  of  vision,  but  consider  the  field  as 
one  and  stationary  and  ourselves  as  changing  our  point  of  regard  in 
it.     By  attention,  however,  we  may  see  that  the  external  objects, 
although  they  really  continue  at  rest,  appear  to  move  as  the  rela- 
tions of  their  double  images  are  changed.     So,  also,  when  the  eye 
or  head  or  body  turns  in  either  direction,  in  order  that  a  new  ob- 
ject may  be  brought  imder  regard,  it  is  possible  either  to  perceive 
or  not  to  perceive  the  entire  field  of  objects  sweeping  by ;  which 

»  Physiolog.  Optik,  p.  486. 

*  In  Hermann's  Handb.  d.  Phjaiol^  IIL,  L,  p.  ilMlk 

*  See  Le  Conte,  Sight,  p.  229. 
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^bf  tike  two  hMppaiM  depends  upon  the  direction  in  nbicl]  attration 
^b  drawn.  When  HtricUjr  attending  to  the  pbenomeoft.  we  cannot 
^|hU  fail  U>  ng«rd  eToiything  as  moving  in  the  opposito  dir«c- 
^^■Do  from  thai  in  wluch  wo  know  the  organ  of  vision  to  be  tuni- 

g  30  Tltc  prinnpW  nlriMid;  Iniil  down  also  eiiflice  to  explain 
loovt  of  Itte  ordtuMy  "  crnm  of  neuHe,"  na  well  as  certain  extnor* 
dinATY  txiK-rienccB  of  a  somewliat  different  kind.  Thfl  rigbt  to 
qwak  u(  •nun  of  ttmm  baa  bec»  qnestion(*(l.  It  has  btton  claimed 
that  ttttch  etTon  belong  ratiier  to  judgiueut,  and  Uiat  M^iiee  pure 
and  aiinple  oanoot  err.  llie  claim  ia  baaed  upon  a  misumleratand- 
tn^  uf  ibe  nature  of  perception.  A  Tcrjr  oliriotis  difference  oxista, 
tti>b.-c(l,  between  a  uiatolceu  eatiinatij  of  Uie  diittaiico  uf  a  mountain 
tlurotigh  cxtroorilinar^  cleamefls  of  atmosphere  and  the  seeing  of  a 
aqoarr  of  wliit«  iiaprr  aa  green  uii  a  ntd  groun<!,  or  n»  jcUow 
oa  a  blue  ((round.  But  tbe  latter  ia  aurolj-  ou  "  error  of  aeme,"  or 
aatnatioo,  in  ax  porv  form  on  such  orror  is  conceivable.  That  aeoae 
oa&Bot  err  b  true  only  in  auo  we  Hp<ink  of  unlocalir.e<1  and  unpro- 
jected  aenaatioQ,  regarded  aa  tkot  predicating  auytbing  be^^ond  itaeUL 
Lii  all  pnawntationa  of  iwnw  a  certain  peychological  judgment  ia 
iQTotred;  for  all  aucb  preaeutationa  imply  uMociulinn  of  imprca- 
MOaa  lUacrimiiialed  aa  similar  or  diasimUar,  oud  a  inenlnl  syntheais 
wki^  ia  dependent  upon  attention  and  the  iuter]>retntion  of  oertaiu 
wnahfm  or  ifiite  acounliiig  to  past  ei[M;nenci's.     Clear  vinon  it  alwayt 

Tba  attempt  to  naai^  tbo  relative  amount  at  blame  to  aenae  aad 
%o  ialelWrt,  tn  cuaea  where  our  prvaentations  of  aenae  do  not  rep- 
•Ment  oliitNTtiTo  ralationi*  of  things,  aaaunies  an  ability  to  tooke  dia> 
I  which  we  do  not  poMMwe.  Moreover,  tlio  diatinction,  when 
\  tbe  objection  would  have  it,  will  not  hold.  luiiumcmble 
vntiadiet  the  alntemeut  that  immediate  aenae-pcroep- 
I  eannnt  err.  Wben  one  aeoa  (witli  no  power  to  mfe  otherwiae) 
a  figaatitf  bomaa  form  throagh  the  fog,  or  [irojfctcd  againatthe 
aeOMfj  of  a  atagw,  and  yet  jwigei  that  thia  form  ia  only  of  naual 
mtm,  tfaa  arror  ia  not  one  of  judgment,  but  just  tbe  rerenw.  Arrora 
af  mtmt  are  only  special  inataneca  where  the  mind  makes  its  syn- 
ihMs  anfortunately,  a*  it  were,  out  of  incomplete  data,  instaolaiw- 
eaaljr  and  isevttably  inlrrprttliog  Uwnt  in  aeoordauoe  with  the  lawa 
wUdi  have  reituhttetl  all  ita  expcaenee.  Aa  Lotza  baa  isinarkml, 
"lk«  wbola  uf  our  app««b«iirioa  of  lb«  worid  by  tbe  aeoMa  ia 
oaa  graal  and  protaogul  doeaptbrn."  Objects  of  aonaa  are  in  no 
caaa  azact  oopiea  of  roady^tnade  things  which  exiat  exlra-menlallg 
(Oil  a  lh«r  an  afterward  perceived,  and  which  get  tbemaalvM 


I 
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copied  off  in  the  mind  by  making  so-called  impresnkma  npon  it ; 
they  are  mental  constructiona.  In  the  special  case  d  sight  we  haire 
seen  that,  in  every  particular — in  its  elements,  its  mode  of  ocm- 
struction,  its  laws  of  change — ^the  field  of  vision  is  a  sabjectiTe  af- 
fair. The  case  is  in  no  respect  esaentiaUy  different,  whether  our 
presentations  of  sense  are  so-called  errors  or  true  images  of  things. 
In  both  cases  the  same  data  and  laws  of  the  use  of  these  data  main- 
tain themselves.  Errors  of  sense,  however,  are  distinguished  from 
hallucinations,  because  the  former  result  from  the  activity  of  an 
organism  which  is  normal  in  structure  and  function,  while  the  lat- 
ter do  not 

§  31.  The  errors  of  visual  perception  are  almost  innumerable ; 
they  may  be  classified  in  part,  however,  according  as  they  fall  under 
some  one  or  other  of  the  before-mentioned  principles.     Such  erron 
may  be  caUed  "  normal, "because  they  are  committed  in  accordance 
with  principles  which  regulate  the  ordinary  activity  of  the  mind  in 
making  its  synthesis  by  the  help  of  the  sense-data  or  motifs  fmv 
nished  to  it  through  the  excitement  of  the  organism.     Deceptions 
of  this  class  really  result,  then,  from  the  fiddity  of  both  mind  and 
nervous  system.     Certain  errors  of  sense,  for  example,  are  special 
examples  of  the  working  of  the  laws  which  regulate  the  correspond- 
ence of  the  two  images  in  binocular  vision.     Thus,   near  objects 
erroneously  appear  double  when  the  eye  is  adjusted  for  distant 
vision,  distant  objects  when  it  is  adjusted  for  near  vision ;  solid 
things  are  seen  through  other  solid  things ;  relations  in  space  in 
general  are  perceived  different  from  the  reality  ;  and  all  according 
to  the  law  of  the  correspondence  and  non-correspondence  of  the 
two  retinal  images.     Accordingly,  the  inquiry,  WTiy  is  vision  single 
when  it  is  performed  with  two  eyes?  can  demand  and  receive  onlj 
one  answer.     A  chief  condition  of  the  single  vision  of  solid  objects 
is  that  they  shall  he  seen  with  two  eyea     Whether  anything  whafc^ 
ever  is  seen  as  two  or  one  does  not  depend,  primarily,  upon  its 
really  being  either  two  or  one,  or  upon  the  existence  of  one  or  two 
retinal  images  of  it  (as  though  such  images  were  directly  perceived) ; 
it  rather  depends  upon  the  appropriate  data  of  sensations  being 
furnished  to  the  mind  for  completing  its  mental  synthesis  of  the 
object.     The  two  eyes  being  simultaneously  affected  in  a  certain 
wa3%   these  data  are  supplied.     What  is  one  is  seen  as  one,  and 
what  is  two  is  seen  as  one,  and  what  is  one  is  seen  as  two— all  in 
essentially  the  same  way. 

A  still  larger  class  of  errors  of  the  visual  sense  falls  under  the 
laws  which  regulate  the  smallest  observable  differences  in  the 
muscular  sensations  as  related  to  the  mathematical  perspective  of 
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MS,  uigleB,  and  Bnrbces.'    Beference  has  already  been  made  to 
«  working  of  this  priuciple  in  our  ordinary  percepUona  of  the 
mal  magnitude,  contour,  and  distance  of  object& 
jrtical  distances  are  regularly  perceived  as  larger    '      p,g  j(^ 
an  equally  large  horizontal  distances.    On  tryiug 

to  draw  a  croaa  with  limbs  of  equal 
4  I  I  i  1 1  M  I  length  one  is  apt  to  get  the  vertical 

p^  jg^  dimeosion  too  small ;  exact  squares 

are  likely  to  appear  higher  than  their 
■eadtb.  Wben  comparing  mt^nitudes  in 
e  upper  part  of  the  field  of  risiou  with 
ose  in  its  lower  part,  one  is  likely  to  over- 
timat«  the  former.  The  upper  and  lower 
df  of  a  lettor  "  S  "  or  a  figure  "  8  "  appear  ^^^^ 
nearly  the  same  size  ;  but  when'  they  are 
verted  ("g" and  "g")  thediffereuceinthe 

se  of  the  two  halves  becomes  magnified.     Under  the  same  pria- 
ple — in  part  at  least— may  those  errors  be  brought  which  are 


ttermined  by  the  way  in  which  the  field  of  vision  is  filled  up.     If 

e  horizontal  distance  between  two  points  be  exactly  half  filled 

ith  a  line,  this  line  will  ap-      a, 

lar  longer  than  the  remain- 

g  empty  space.     A  nquore 

tersected  by  parallel  hori- 

intal  lines  appears  elongat- 

l  npward,  but  one  intersect- 

I  by  parallel  vertical  lines 

)pears  elongated  sideways. 

one  of  the  two  right  angles 

rmed  by  drawing  a  vertical 

trpendicular  to  a  horizontal 

le  be  filled  with  several  lines  divergiDR  from  the  point  of  the  an- 

■  Comp.  Wnndt's  diaouaslon  of  inch  oaes,  Fhysiolt^.   Fsychologio,  II.,  pp. 


A,, 
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gle,  the  angle  thua  fiUed  will  appear  the  larger  and  the  perpendu- 
ular  will  seem  beoL  For  essetitully  the  aame  reason,  when  two 
unequal  angles  together  make  180°,  the  ubtuae  angle  mppean  nk- 


^^^^^\  Z/^^:^^^ 

m^^S^^s^ 

^^^^^^/\^^^^ 

^^^^^^ 

^^^^^^ 

^^^^^^^ 

tiTCIy  too  smalt,  anJ  the  acute  angle  relatively  too  large.  Han; 
surprising  eri-ors  of  sense  result  from  the  varied  applicationa  of  thk 
principle.     (See  the  Figs,  on  p.  457  f.) 
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)  loflaeQce  of  eiperience,   which  often  corrects  what 
otherwise  be  au  iustinctiTe  iuterpretatioo  of  the  data  fur- 

[  to  the  tniDii,  is  at 

times  the   eiiuso   of 

,     If  the  daU  will  at 

unit  it,  ire  incHne  to 

Tb  any  object  us  we 
that  simthu'  ubjccltj 

niUljparceiTed.  Sudi 


,    of    I 


Esdt 


the  Tision  of  dislant 

B  througli  secoiiciuiy 

,are  too  well  kiiinvn 

[requeiifJy    remurkcii 

to  require  ext«rniwl 

leiit.   All  thepltah-iiit 

BB  of  iirt — in   (irolii- 

B,  drawing,  and  pnint-  ino.  uj. 

ire  obliged  cooatnutly 

B  them  into  acTOUnt.     Tlte  very  relations  of  hght  and  shade, 

Bjiutctiou,  separation,  and  covering  of  liues  and  mirfncea,  iipoa    i 

reliance  ia  ordinarily  plnced  for  perception  of  fact,  may  be 
yed  by  either  niiture  or  art  to  comi^l  us  to  perceive  what  is    I 
Iry  to  bet.     Painting  ia  euccesaful  according  to  the  skill  it   ] 
f§  in  furnishing  to  the  eye  its  customary  data  so  as  to  entioa 
egard  things  as  other  than  they  really  are.     That  its  success    I 
pod  need  not  eur|>ri8e  us,  when  we  remember  tlint  the  mind 
Bver  anything  more  tlian  these  same  data  out  of  which  to 
[act  its  objects  of  sense  and  to  make  its  various  judgments    i 
(Ding  them.     The  many  errors  in  our  perceptions  of  motion 
^  the  most  part,  be  explained  in  the  same  way.     It  mutters 
bether  the  data  for  such  perceptions  are  furnished  by  actual 
^  in  tlie   relative  position   of  things   in  external  space,  or 
pr  the  same  sensattouB  arise  through  changes  confined  to  the 
■  of  sense.     Post  e^tperienco  lias  great  influence  in  nil  this 
b.     We  inchne  for  this  reason,  when  two  objects  are  chang- 
teai  relative  position,  to  perceive  the  smaller  of  them  aa  ia    i 
B ;  we  also  over-estimate  the  speed  of  small  bodies  In  motion,   j 
pder^stimate  that  of  loi^  hodiea. 

i.  Some  errors  of  visual  perception  differ  from  the  foregoing 
it  their  explanation  seems  to  be  due  to  cerebral  activity  under 
j|li»<  III  yet  anknown  to  us.  We  have  already  seen  (Chap. 
I^^^Bthfi  phenomena  of  contrast  of  colors  must  he  referred 
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to  certain  inexplicable  activities  of  the  central  organs  as  related  to 
our  sensations  or  states  of  consciousnesa  The  same  thing  is  ap- 
parently true  of  those  errors  of  sense  which  occur  in  connection 
with  the  strife  and  prevalence  of  contours,  and  the  binocular  mixing 
and  contrast  of  colors.  If  a  weU-defined  image  of  some  coDtonr, 
such  as  a  sharp-marked  limit  between  two  differently  colored  sur- 
faces, be  formed  on  one  retina,  and  on  the  corresponding  points  of 
the  other  the  image  of  a  unif orm-«olored  background,  then  onlj  the 
former  will  be  visible.  This  is  called  the  "  prevalence  of  contounL' 
But  if  the  contours  of  the  images  of  two  differently  colored  objects 
run  on  the  retina  so  as  to  cross  only  in  one  place,  then  sometimes 
one  color  and  sometimes  the  other  will  prevail  and  get  itself  per- 
ceived at  that  place.  This  is  called  "  the  strife  of  contours."  If 
two  squares  of  red  paper  and  two  of  blue,  all  of  equal  size  and  bright- 
ness and  without  any  distinguishing  marks,  be  laid  side  by  side  at 
equal  distances,  and  their  images  then  combined,  the  color  of  the 
middle  one  of  the  binocular  images  will  at  first  be  sometimes  red- 
der and  sometimes  bluer  than  that  of  the  two  side  images,  bat  is 
no  case  exactly  like  either  of  them.  By  steady  looking  it  is  said  io 
be  2>ossible  to  mix  the  colors  of  the  two  objects  in  a  binocular 
image  which  is  reddish  blue  (or  violet).'  This  is  caUed  "the  bi- 
nocular mixing  of  colors."  If  such  a  deception  can  be  secured,  it  is 
manifest  that  the  mixing  of  colors  on  which  it  depends  must  take 
place  in  the  brain,  and  not  upon  the  retinas  of  the  two  eyes.  If  a 
white  Htripe  be  plac»ed  upon  a  black  surface  and  divided  into  two 
images,  the  right  one  of  which  is  formed  by  looking  at  one  half 
through  blue  glass,  the  left  by  looking  through  gray  glass,  then 
the  right  image  will  be  seen  blue,  but  the  left  will  be  seen  yeDow. 
This  is  called  "  bmocular  contrast  of  colors." 

The  peculiar  perception  of  luminosity  is  due  to  a  struggle  be- 
tween the  two  fields  of  vision  which  results,  not  in  combining  the 
black  images  of  one  field  with  the  white  images  of  the  other  so  as 
to  produce  an  equal  tint  of  gray,  but  in  a  rapid  alternation  of  the 
two.  Very  smooth  bodies,  when  they  reflect  the  light  perfectly, 
do  not  appear  luminous.  But  when  tlie  surface  of  such  bodies— 
as,  for  example,  the  sui-faco  of  a  sheet  of  water — ^becomes  ruffled 
by  ripples,  it  becomes  luminous.  The  perception  of  luminosity 
may  be  produced  by  combining  two  stereoscopic  pictures  of  an 
object  which  are  alike  in  contour,  but  one  of  which  is  black  with 
white  lines  where  the  other  is  white  with  black  lines.  Two  such 
pictures  not  combining  to  produce  an  equal  tint  of  gray  over  the 

'  So  Tiering  asserts,  Phvsiolog.   Optik,  in  Ilermann^s  Handb.   d.   Physiol, 
III. ,  i. ,  p.  592.    Binocular  mixing  of  colors  has  been  denied  by  some  aathorities. 
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whole  surface,  the  images  of  the  separate  points  on  the  two  retinas 
enter  into  a  struggle  with  each  other  ;  and  the  rapid  alternation  of 
the  prevalence,  first  of  one  and  then  of  the  other,  gives  rise  to  the 
appearance  of  luminosity. 

Such  phenomena  as  the  foregoing  seem  to  require  a  reference  to 
certain  unknown  processes  in  Ihe  central  organs  as  a  physical  basis 
for  the  psychical  experience.  Some  experimenters  claim  that  in 
these  cases  of  contrast  they  are  able  to  see  either  color  at  will  by 
giving  attention,  first  to  the  image  on  one  retina,  and  then  to  that 
on  the  other.  The  words  in  which  this  claim  is  couched,  however, 
afford  no  explanation  of  the  phenomena ;  for,  we  repeat  again,  the 
mind  does  not  see  the  image  on  the  retina,  and  cannot  direct  spe- 
cial attention  to  it  It  can  only  attend  to  this  or  that  feature  of 
the  "presentation  of  sense,"  which  is  in  every  case  a  subjective 
affair.  But  the  very  question  that  we  are  unable  to  answer  con- 
cerns the  reason  why  the  presentations  of  sense  are  constructed  as 
they  are  in  such  cases  ;  the  reply,  so  far  as  any  reply  can  be  given, 
most  be,  that  such  data  or  motifs  furnished  by  the  spatial  series  of 
sensations  as  we  cannot  connect  with  known  laws  of  the  peripheral 
organs  of  sense  must  be  referred  to  unknown  laws  of  the  central  or- 
gans of  the  same  sense.  Apparently  this  truth  holds  good  of  certain 
optical  illusions  of  motion.  The  fact  that  a  steady  succession  of  im- 
ages (as  in  the  case  of  watching  a  fall  of  water),  passing  over  a  partic- 
ular region  of  the  retina  for  a  long  time,  sometimes  ceases  to  be  per- 
ceived as  a  motion,  and  that  the  image  of  a  stationary  body  on  the 
same  retinal  region  may  appear  to  be  moving  in  the  opposite  direc- 
tion, has  been  explained  by  "Thomsons  law."  This  law  refers  the 
phenomena  to  the  principle  of  fatigue.  Recent  investigations,  how- 
ever, seem  to  show  that  the  explanation  is  incorrect  They  bring 
out  the  remarkable  result  that  the  same  elements  of  the  retina, 
when  stimulated  simultaneously,  mny  give  rise  to  impressions  both 
of  motion  and  of  rest  For  this  result  some  unknown  law  of  cere- 
bral action  would  seem  to  afford  the  only  possible  explanation.' 

§  34.  The  fact  that  things  are  seen  upright  and  in  correct  relations 
horizontally,  by  means  of  data  furnished  through  inverted  retinal 
images,  as  well  as  all  illusions  and  errors  that  are  connected  with 
this  normal  fact,  impUes  yet  more  maturity  of  experience.  Why  do 
we  see  the  upper  part  of  the  object  by  means  of  the  lower  part  of  the 
retinal  image,  and  vice  vena  f  and  why  do  we  see  the  right  side  of 
the  object  by  means  of  the  left  side  of  the  retinal  image,  and  vice 
versa  ?  Such  questions  have  often  been  propounded  as  psycho- 
logical puzzles  of  special  difficulty.     The  only  answer  possible  fol- 

I  S««  Journal  of  Physiology,  iii.,  p.  299  t. 
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lows,  obviously,  from  the  foregoing  principlea  Strictly  speaking, 
we  neither  see  the  external  object  nor  the  retinal  image  ;  the  field 
of  vision  is  a  subjective  affiur,  and  is  like  neither  of  these  two.  The 
presentation  of  visual  sense  is  normally  dependent  upon  the  retinal 
image  for  the  data  from  which  it  is  constructed  ;  the  image  is 
dependent  upon  the  external  object  for  its  fonnation  by  rajs  of 
light  reflected  from  the  object  and  converged  upon  the  nerrons 
elements  of  the  retina.  The  different  parts  of  the  object  as  seen 
are  primarily  localized  simply  with  reference  to  each  other  bj 
means  of  local  retinal  signs  and  of  muscular  sensations  produced 
by  motion  of  the  eyes.  But  as  yet  the  field  of  vision  has  no  locality 
in  objective  space  ;  no  part  of  it  can  be  said  to  be  either  up  or 
down,  either  right  or  left  The  use  of  such  terms  of  positioo 
implies  an  association  of  localized  sensations  of  sight  with  those  of 
touch  and  of  the  muscular  sense,  in  giving  us  a  picture  of  the 
relation  of  the  different  parts  of  the  body  to  each  other,  and  of  the 
entire  body  to  the  ground,  the  sky,  and  the  various  parts  of  sm^ 
rounding  objects.  When  the  eyes  are  moved  downward,  the  lower 
parts  of  the  body  and  objects  situated  on  the  ground  successively 
come  into  the  field  of  vision ;  when  the  eyes  are  moved  upward, 
the  near  ground  and  lower  parts  of  objects  successively  disappear 
from  the  field  of  vision,  and  remoter  or  higher  objects  come  to 
view.  Seeing  objects  to  the  right  or  to  the  left  is  accomplished  by 
motion  of  the  eyes  in  the  corresponding  direction.  Right  w  the 
direction  in  which  the  right  hand  is  placed  from  the  middle  of  the 
body  ;  left  is  the  direction  in  which  the  left  hand  is  found.  The 
massive  feelings  of  touch  and  muscular  sensation  keep  us  informed 
of  the  general  relation  of  our  bodies  to  the  earth  and  to  objects  on 
its  surface.  The  head  is  the  upper  part,  or  part  farthest  away  from 
the  ground  ;  the  feet  are  the  lower  part,  or  members  of  the  body  in 
contact  with  the  ground.  Thus  we  come  to  use  terms  for  localized 
sensations  of  sight  which,  in  this  use  of  them,  have  no  primary 
reference  whatever  to  the  field  of  vision  in  itself  considered. 

§  35.  Tlie  nature  of  the  "  sense-data  "  which  the  mind  has  at  its 
disposal  for  constructing  its  presentations  of  sense,  and  the  psycho- 
physical laws  which  are  followed  in  the  process  of  construction, 
have  been  explained  in  such  detail  that  little  need  be  added  con- 
cerning the  development  of  visual  perception.  Visual  space  pi** 
sents  itself  to  us  as  a  coherent  complex  of  sensations  of  light  and 
color  systematically  arranged.  The  arrangement  implies  certain 
native  activities  of  the  mind  in  connection  with  and  dependence 
upon  the  action  of  the  nervous  organism  ;  but  it  also  implies  an 
immense  influence  from  experience.     It  is  extremely  difficult,  if  no^ 
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wholly  impofisible,  to  distinguish  with  confidence  the  limits  which 
must  be  drawn  between  what  is  native  and  what  is  learned.  The 
seeing  of  colors  is  undoubtedly  a  far  more  simple  and  primary  act 
than  the  seeing  of  colored  objects  as  situated  in  relation  to  each 
other  in  objective  space.  A  colored  surface,  or  a  system  of  color- 
sensations  related  to  each  other  as  side  by  side  in  space-form,  re- 
sults in  experience  from  the  weaving  together  of  several  spatial 
series  of  sensations.  Such  a  surface  may  theoretically  be  conceived 
of  as  presented  to  the  mind  through  the  activity  of  the  nervous 
elements  belonging  to  the  retina  of  a  single  motionless  eye.  The 
motifs  or  data  which  the  mind  would  have  for  constructing  such  a 
sur^e  must  be  found  in  the  series  of  sensations  of  light  and  color 
as  varying  in  intensity  and  quality  according  to  the  locally  distinct 
nervous  elements  which  are  simultaneously  excited.  The  evidence 
seems,  on  the  whole,  favorable  to  the  assumption  that  some  indefi- 
nite picture  of  visual  space  might  be  gained  wholly  through  the 
excitation  of  a  motionless  nervous  mosaic  (like  the  retina)  sensitive 
to  light. 

But  visual  space,  as  experience  makes  it  known  to  us,  requires 
binocular  vision  with  moving  eyes.  The  firm  spatial  connection  of 
all  the  parts  requires  that  a  system  of  lines  of  direction  should  be 
fixed,  prescribing  the  objective  points  at  which  the  sensations  pro- 
duced by  exciting  together  the  different  pairs  of  the  covering  points 
of  the  retina  must  appear  in  visual  space.  To  establish  such  spatial 
connection,  both  eyes  must  move  in  their  conjoined  action  as  a 
single  organ  of  vision.  By  this  action  the  field  of  binocular  vision 
is  built  up  in  an  order  of  experience  which,  on  the  whole,  consists 
in  the  successive  mastery  of  more  and  more  complex  problems 
For  the  process  of  learning  to  localize,  the  one  centre — the  point 
of  starting  and  the  goal  of  return — is  the  spot  of  clearest  vision  of 
the  retina  (the  yellow-spot),  to  which  the  point  of  regard  in  the  ob- 
ject corresponds.  With  the  point  of  regard  fixed  in  the  primary 
position  of  the  eye,  the  first  and  most  essential  means  is  gained  for 
orientating  objects  in  the  field  of  vision.  The  meridians,  horizontal 
and  vertical,  and  the  locations  of  different  points  in  the  surface  of 
the  field  of  vision  thus  presented  to  the  mind,  afford  the  compara- 
tively simple  problems  furnished  by  the  primary  position.  In  this 
way  a  central  point,  determining  lines,  and  finally  a  continuous  sur- 
face are  fixed,  to  which  may  be  referred  all  the  directions  and  loca- 
tions of  the  binocular  points  and  lines  of  regard  in  the  secondary 
positions  of  the  eye. 

The  motifa  or  data  which  give  to  the  mind  its  guidance  in 
achieving  its  more  difficult  tasks  are  the  spatial  series  of  muscular 


464  DEVELOPMENT  OF  PEBCEPTIOK. 

and  tactual  sensationfl  which  are  caused  bj  the  motions  of  the  eje 
for  parallel  turning,  for  accommodation,  and  for  convergenoe  in 
near  vision.  The  general  principle  is^  that  by  motion  the  rdaiice 
space-values  of  the  retinal  elements  are  not  changed  ;  but  their  ab- 
solute values — that  is,  the  complex  which  is  formed  bjr  combiniiig 
all  these  muscular  and  tactual  sensations  with  the  local  signs  of  the 
retina — are  changed  in  equal  sense  and  measure.  What  moving  the 
eyes  does  for  the  retinal  images,  moving  the  head  and  body  doee 
for  the  presentations  of  sense  as  constructed  in  binocular  vision ; 
it  alters  the  absolute  values  of  the  complex  of  sensation  as  related 
to  objective  space,  while  keeping  the  relative  values  belonging  U> 
the  different  positions  of  the  eyes  unchanged. 

The  visual  perception  of  depth  involves  a  later  and  more  comi^ 
training  from  experience  than  the  perception  of  two-dimensioned 
extension.  To  solve  the  problem  of  depth,  binocular  vision  with 
moving  eyes,  and  its  resisting  combination  and  separation  of  the 
double  images  of  objects,  seems  necessary.  The  existence  and  as- 
sistance of  those  secondary  helps,  which  are  so  important  in  per- 
ceiving the  solidity  and  distance  of  objects,  imply  a  further  devel- 
opment of  experience.  In  all  these  advances,  however,  the  conne 
of  acquisition  is  not  in  separate  straight  lines  that  run  parallel  or 
converge,  as  it  were.  More  complex  experience,  when  obtained, 
modifies  what  is  really  more  simple  and  primary.  What  we  see  in 
monocular  vision  with  an  open  eye,  and  even  what  we  see  with  botli 
eyes  closed  and  motionless,  depends  upon  what  we  have  learned  to 
see  with  both  eyes  in  varied  movement  and  availing  themselves  of 
all  possible  secondary  helps.  It  also  depends  upon  what  we  hafe 
learned  to  know  of  the  nature  and  probable  position  and  shape  of 
manifold  objects  of  which  the  eye  has  already  attained  the  mastery. 

^  36.  Finally,  brief  mention  must  be  made  of  the  connections 
which  are  constituted,  in  the  development  of  our  perception  of  ob- 
jects as  ha\ing  the  quahties  and  relations  of  space-form,  by  the 
joint  action  and  mutual  assistance  of  eye  and  hand.  *  With  the 
sense-presentations  of  one  of  these  senses  the  images  of  objects  as 
known  bv  the  other  become  most  intimatelv  related.  It  is  a  nusose 
of  terms,  however,  and  involves  the  entire  subject  in  confusion,  to 
speak  of  this  joint  product  as  a  **  sense-perception."  It  is  rather  to 
be  spoken  of  as  a  mental  image  or  concept.  The  visual  presenta- 
tion of  an  object — as,  for  example,  a  ball,  a  pen,  a  table — may  re- 
call its  tactual  presentation.  We  readily  interpret  one  into  terms 
of  the  other— sight  into  terms  of  touch,  and  touch  into  terms  of 
sight.  But  all  the  perceptions,  as  such,  of  spatial  properties  and 
relations,  whether  gained  by  eye  or  hand,  are  kept  quite  distinct 
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and  separable  in  the  mind.  No  each  syniheaiB  takes  plaoe  between 
the  spatial  series  of  the  one  sense  and  the  spatial  series  of  the  other 
sense  as  takes  place  between  the  spatial  series  of  the  same  sense. 
And  all  the  properties  and  relations  of  bodies  as  known  in  space- 
form  are  given  by  each  of  these  sensea  The  view  which  makes  the 
sense  of  sight  dependent  upon  the  sense  of  touch  and  the  muscu- 
lar sense  for  the  construction  of  its  spatial  objects  is  erroneous. 
While  feeling  the  pen,  we  can  image  how  it  would  look ;  when 
seeing  it,  how  it  would  feeL  We  can  image  how  much  exertion 
would  be  required  to  reach  a  mountain  which  appears  to  the  eye  so 
far  away,  or  how  a  mountain  would  look  at  a  distance  of  so  many 
miles  as  measured  by  the  exertion  required  to  walk  there.  But  the 
true  presentations  of  the  visual  objects  and  tactual  objects  do  not 
mix  in  one  combined  perception.  They  unite  only  in  one  image  or 
idea  of  the  object 

§  37.  Interesting  experiments  have  been  conducted  to  determine 
the  degree  of  accuracy  with  which  perceptions  of  distance  by  sight 
can  be  translated,  as  it  were,  into  terms  of  the  tactual  and  mus- 
cular sense.  Some  of  these  experiments  show  the  amount  of  har- 
mony which  can  be  obtained  between  optical  localizing  and  localiz- 
ing with  the  finger.  Helmholtz'  made  use  of  a  vertical  thread 
which  he  tried  to  locate,  as  seen  in  monocular  vision,  by  hitting  it 
with  a  pencil's  point ;  Donders,^  of  a  very  small  induction-spark, 
which  was  to  be  touched  with  the  index-finger.  Tlie  result  of  50 
experiments,  made  for  distances  along  the  same  line  of  regard  vary- 
ing between  GO  and  610  mm.,  when  only  the  spnrk  itself  was  seen  in 
perfectly  dark  surroundings,  showed  that  the  distance  was  over- 
estimated 84  times,  under-estimated  12,  estimated  right  4  times. 
The  greatest  errors  were  -h35  and  —34  mm.  ;  the  mean  error 
10.6  mm.  When  the  surroundings  were  visible  and  the  electrodes 
seen  with  open  eyes,  the  eyes  then  closed,  and  the  finger  reached 
to  the  estimated  distance,  the  greatest  eiTors  were  -f  30  and  — 12 
mm.,  and  the  mean  variable  error  9.8  mm.,  for  distances  from  80  to 
630  mm.  The  exact  localizing  of  the  point  of  regard  in  terms  of 
touch  is  more  difficult  the  farther  the  object  is  removed  and  the 
less  assistance  is  had  from  secondary  helps.  Localizing  in  the 
same  way  when  the  object  lies  out  of  the  line  of  repfard  is  still  more 
inaccurate.  In  29  experiments,  where  the  spark  to  be  localized 
was  flashed  at  a  distance  of  210-600  mm.  to  one  side  of  this  line, 
the  greatest  errors  were  +120  and  —68  mm.,  with  a  mean  error 
of  about  34  mm. 

'  PhjBiolog.  Optik,  p.  650. 

*  Anshiv  f.  Ophthalmologie,  XVII.,  ii.,  p.  55. 
80 
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The  problem  of  oomparing  the  judgments  of  linear  eztenaon 
made  by  the  eye,  the  hand,  and  the  arm,  and  of  determining  their 
relative  accuracy,  has  recently  been  examined,  experimentally,  at 
considerable  length  by  J.  Jastrow.*    His  method  was  to  present  a 
definite  length,  varying  from  5  mm.  to  120  mm.,  to  the  retina,  the 
skin  (by  application  of  a  pair  of  points,  or  by  motion  of  a  sin^ 
point),  to  the  forefinger  and  thumb  (by  being  held  between  the 
two),  or  to  the  arm  when  in  free  movement  and  guiding  a  pencil  to 
express  its  estimate.     The  subject  of  experiment  was  required  to 
get  a  clear  perception  of  the  given  distance  by  one  of  these  organs 
(called,  in  such  case,  the  "  receiving  sense  **),  and  then  either  si- 
multaneously or  successively  express  this  perception  through  the 
same  or  some  other  one  of  these  organs  (the  "  expressing  sense "). 
In  this  manner  it  was  discovered  that,  if  the  eye  is  both  receiving 
and  expressing  sense,  small  lengths  will  be  under-estimated  and 
large  lengths  exaggerated,  the  point  where  no  error  is  made  being 
at  about  88  mm. ;  whereas,  if  the  hand  is  both  receiving  and  ex- 
pressing, small  lengths  will  be  exaggerated  and  large  lengths  un- 
der-estimated, the  "indifference-point"  being  at  about  50  mm.; 
but  the  arm  exaggerates  all  lengtiis  within  the  limits  of  the  expen- 
ments.     When,  however,  the  eye  expresses  and  the  other  (ngam 
receive  the  impression,  all  lengths  are  greatly  under-estimated;  bat 
if  the  hand  is  the  expressing  sense,  all  lengths  are  greatly  exagge^ 
ated.     The  arm  as  expressing  sense  exaggerates  aU  lengths  received 
by  the  eye,  and  under-estimates  all  received  by  the  hand. 

The  relative  accuracy  of  the  three  senses,  whether  receiving  or 
expressing,  or  both,  stands  in  the  order  of  eye,  hand,  arm — the  hand 
being  only  slightly  better  than  the  arm.  The  degree  of  confidence 
felt  in  the  estimate  made  is  naturally  greatest  where  the  accuracy 
is  greatest  Inasmuch  as  "  the  expressing  sense  gives  the  charac- 
teristic properties  to  the  curve  of  error,"'  the  question  ariees 
whether  all  the  phenomena  cannot  be  accounted  for  by  a  special 
application  of  the  law  of  habit  in  connection  with  the  normal  action 
of  the  sensory  apparatus.  Each  sense,  when  expressing  the  esti- 
mate, tends  to  approximate  it  in  size  toward  those  dimensions  which 
it  is  most  accustomed  to  judge  accurately. 

All  the  foregoing  results  show  plainly  that  the  interpretation  of 
visual  distance  in  terms  of  the  tactual  and  muscular  sense  is  a  mat- 
ter of  complex  experience,  and  is  not  usually  more  than  very  im- 
perfectly attained.     It  bears  little  comparison  with  the  nicety  (A 

'  Art.  on  The  Perception  of  Space  by  Disparate  Senaea,  in  Mind,  Oetober, 
188G,  pp.  539-554. 
•Ibid.,  p.  549. 
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the  spatial  perceptions  belonging  to  each  one  of  the  two  senses 
concerned  when  interpreting  its  own  specific  data  in  corresponding 
terms,  as  it  were. 

§  38.  In  dosing  this  subject,  the  one  psychological  truth  of  pre- 
eminent value  which  has  been  most  obviously  demonstrated  should 
be  stated  again.  Perception  is  the  result  of  an  extremely  complex  ] 
activUy  of  the  psychical  suttject^  Mind;  it  involves  the  synthesis  of  ! 
a  number  of  sense-data  according  to  laujs  that  are  not  deducible 
from  the  nature  of  the  external  objects,  or  of  the  physiological  ac- 
tion of  the  end-organs  and  central  organs  of  sense.  An  analysis  of 
these  data  themselves  is  not  sufficient  to  explain  perception.  The 
descriptions  of  Physiological  Psychology  can  do  no  more  than 
enumerate  these  data,  show  their  dependence  on  external  stimuli, 
and  the  value  which  they  have  as  motifs  for  the  perceiving  subject ; 
and  then  understand  the  laws  of  this  synthesis  as  the  permanent 
modes  of  the  behavior  of  the  psychical  subject  The  object  of 
sense-peroeption,  the  presentation  of  sense,  is  not  an  ea?<ra-mental 
entity  made  up  outside  of  the  mind  and  borne  into  or  impressed 
upon  it  through  the  avenues  of  sense.  It  is  a  mental  construction. 
The  field  of  vision  is  a  subjective  afiair,  and  so  is  the  field  of  touch 
The  same  psychical  subject  which  reacts  upon  the  stimulation  of 
the  nervous  organs  of  sense  in  the  form  of  sensations,  by  its  activity 
in  synthesizing  these  sensations,  constructs  the  objects  of  sense. 
The  fundamental  fact  is  the  presence  and  activity  of  the  subject, 
known  as  Mind. 
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CHAPTER  VnL 

TDCE-BELATIONS  OF  MENTAL  PHENOMENA. 

§  1.  "  Pbesentations  of  sense  "  appear  in  consciousness,  not  ontj 
OS  having  spatial  qualities  and  relations,  but  also  as  occurring  either 
simultaneously  or  successively  as  respects  Time-form.  The  dear- 
est experience  of  the  manner  in  which  our  sensations  are  located  in 
this  framework  of  time,  as  it  were,  is  gained  by  attention  to  tlie 
successive  notes  of  a  melody,  or  to  the  rhythm  of  visual  or  mus- 
cular impressions  which  accompanies  a  regularly  recurrent  motkm 
of  some  member  of  the  body.  What  is  true  of  the  presentatioos 
of  sense  is  also  true  of  all  mental  phenomena,  of  the  reprodaoed 
images  of  sense,  of  pure  creations  of  fancy,  and  of  thoughts.  iD 
have  that  form  of  occurrence  and  relation  which  we  call  "  Time." 

Physiological  Psychology,  however,  can  no  more  give  an  ultimata 
explanation  of  this  time-fomi  which  belongs  to  all  mental  phenom- 
ena than  of  the  space-form  which  objects  of  sense  acquire  as  the 
result  of  n  mental  synthesis.  Experimental  science  cannot  explain 
"  time."  Nothing  is  accomplished  toward  comprehending  the  ori- 
gin of  the  mental  representation  of  time  by  indicating  the  speed, 
number,  and  order  of  the  various  series  of  conscious  experience& 
Successive  presentations  of  sense  or  successive  ideas  do  not  of 
themselves  coustitute  a  mental  presentation  or  idea  of  successioa 
Tlie  idea  that  a  follows  or  precedes  h  is  not  the  idea  of  a  nor  the 
idea  of  h ;  neither  is  it  the  idea  of  a  -H  ^  or  of  a  —  6.  Experimental 
science  can  explain  the  order  of  succession ;  but  in  doing  this  it 
implies  the  idea  of  succession,  and  this  idea  is  not  itself  a  succea- 
sion,  or  an  order  of  succession,  or  a  compound  of  successive  ideas.' 

Many  thousands  of  experiments  have  been  made  (since  the  work 
of  Donders  in  18G8),  with  the  use  of  the  most  complicated  and  deli- 
cate machiner}',  in  order  to  fix  the  amount  of  time  required  for  the 
various  processes,  both  nervous  and  mental,  which  are  the  condi- 
tions of  our  conscious  life.  Tliese  experiments  have  succeeded  in 
bringing  many  interesting  facts  to  light  But  the  laws  thus  estab- 
lished beyond  all  reasonable  question  are  remarkably  few ;  more- 

' Comp.  Volkmann  von  Volkmar,  Lehrb.  d.  Payohologie,  H.,  p.  Ill 
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ofer,  they  are  nearly  all  merely  restatements  in  more  definite  form 
of  familiar  generalizationa  That  a  kind  of  sluggishness  or  inertia, 
which  the  stimulus  must  overcome,  belongs  to  all  the  senses,  and 
that  they  often  continue  to  act,  when  once  roused,  after  the  excit- 
ing cause  is  withdrawn ;  that  different  sensations  following  each 
other  too  quickly  tend  to  confuse  or  destroy  each  other ;  that  no 
one  can  see  or  think  more  than  about  so  rapidly,  but  that  this  rate 
varies  with  different  individuals  and  with  the  same  individual  at 
different  times ;  that  it  takes  more  time  to  perceive  or  think  where 
the  objects  are  complex,  and  are  either  too  small  or  too  large  or 
too  closely  alike  ;  that  it  takes  time  to  will  or  choose,  less  time  to 
act  when  we  know  what  to  expect,  and  more  time  to  move,  in  re- 
sponse to  a  particular  sensation,  some  part  of  the  body  which  we 
are  not  accustomed  to  connect  with  that  sensation ;  that  practice 
increases  the  speed  of  our  mental  and  bodily  action,  and  that  fatigue 
and  certain  drugs  diminish  it — all  these  statements  are  matters  of 
common  observation. 

§  2.  It  is  not  necessary  to  describe  the  construction  of  the 
machines  which  have  been  used  in  experimenting  upon  the  time- 
relations  of  mental  phenomena,  or  the  methods  of  using  them  em- 
ployed and  conmiended  by  different  observers.  The  general  prob- 
lem is  in  all  cases  essentially  the  same — namely,  to  produce  certain 
iefinite  impressions  upon  tlie  organs  of  sense,  to  secure  a  definite 
result  in  the  form  of  motion  of  some  part  of  the  body  as  a  sign 
kbat  the  impressions  have  been  received  (and,  perhaps,  interpreted 
uid  mentally  combined),  and  to  measure  with  extreme  accuracy  the 
interval  between  peripheral  stimulation  and  resulting  motion. 

The  electrical  current  is  ordinarily  used  to  mark  both  the  in- 
stant when  the  external  sense-stimulus  acts  on  the  organ  and  that 
when  the  resulting  motion  occurs.  The  stimulus  may  consist  in 
the  flash  or  crackle  of  an  electric  spark,  the  appearance  of  one 
or  more  colors  or  figures,  or  letters  or  words,  the  sounding  of  a 
bell  or  a  falling  ball,  etc. ;  the  motion  may  be  with  the  finger 
pressing  a  key,  or  the  foot  or  hand  closing  or  breaking  a  circuit, 
or  the  vocal  organs  calling  into  a  tube,  etc.  The  one  difficult 
matter  which  marks  the  success  or  the  comparative  failure  of  any 
series  of  observations  is  the  arrangement  of  the  experiments  and 
their  tabulated  results  so  as  to  analyze  the  different  elements  of  the 
complex  process  involved.  Such  experiments  need  to  be  repeated 
many  times  upon  the  same  individual,  so  as  to  eliminate  the  vari- 
able factors  of  bodily  condition,  attention  or  distraction  of  mind, 
practice,  etc. ;  they  need  also  to  be  repeated  with  many  individuals, 
so  as  to  calculate  upon  the  so-called  personal  equation. 
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§  3.  The  interval  between  the  instant  when  the  external  siimiihii 
begins  to  act  upon  the  end-organ  ol  sense  and  the  resulting  move- 
ment of  some  member  of  the  body  has  been  called  "  phjsiologictl 
time  **  by  Hirsch  and  others,  and  "  reaction-time  "  by  Ezner.  The 
latter  term  is  preferable.  Beaction-time  is  "  simple  "  when  all  the 
elements  which  tend  to  complicate  the  processes  inrolved  in  the  re- 
actioD,  and  so  to  lengthen  the  time  required  by  it,  have  been  as  for 
as  possible  eliminated.  Beaction  obtained  in  response  to  a  single 
sensation  of  known  quality,  the  instant  of  whose  appearance  is  ex* 
pected,  by  executing  a  single  natural  and  easy  motion,  best  fnlfik 
the  conditions  of  simplicity.  It  is  therefore  requisite,  for  all  ex- 
periments of  this  sort,  that  the  average  simple  reacHonrHme  of  eid 
individual  experimented  upon  shall  be  determined  ;  and  also  the 
effect  of  practice,  exhaustion,  and  other  influences  upon  this  intor- 
vaL  But  even  the  simplest  reaction-time  is,  of  course,  a  veiy  com- 
plex affidr. 

Donders '  distinguished  no  le^  than  twelve  different  proceflBei 
as  entering  into  ^'  physiological  time  "  (or  simple  reaction-time)— 
and  this  without  interpolating  any  purely  psychical  elements,  ss 
occupying  separate  periods,  into  the  entire  interval  The  aniljai 
of  Exner  *  is  more  pertinent  to  our  purpose,  ^xner  finds  seroi 
elements  in  all  reaction-time :  (1)  An  action  of  the  stimulus  on  the 
end-organ  of  sense  preparatory  to  excitation  of  the  sensoiy  nene ; 
(2)  centripetal  conduction  in  Uiis  nerve  ;  (3)  centripetal  oondnetioD 
in  the  spinal  cord  or  lower  parts  of  the  brain  ;  (4)  transfcnrmatioo 
of  the  sensory  into  the  motor  impulse ;  (5)  centrifugal  conduction 
of  the  impulse  in  the  spinal  cord  ;  (6)  centrifugal  conduction  in 
the  motor  nerve ;  (7)  setting-free  of  the  muscular  motion.  Of 
these  seven  factors,  however,  the  fourth  is  most  interesting  to  pej- 
chology.  It  may  properly  be  called  "  psycho-physical  "  as  distin- 
guished from  more  purely  physiological  time.  The  other  six  ele* 
ments  (with  the  exception  of  the  first,  on  account  of  difficulties 
inherent  in  the  experiments)  have  been  determined  with  some  de- 
gree of  definiteness  (see  Part  L,  chap.  iiL,  on  the  speed  of  nervoitf 
processes).  It  is,  then,  theoretically  possible  to  ascertain  the  amount 
of  these  six  and  subtract  them  from  the  entire  reaction-time ;  the 
remainder  would  be  the  interval  occupied  by  the  central  cerehnl 
processes  (that  is,  by  No.  4).  Thus  Exner '  assumes  62  meters 
per  second  as  the  probable  rate  of  conduction  in  both  sensory 
and  motor  nerves  ;  and  in  the  spinal  cord,  8  for  the  sensory  and 

»  Archiv  f.  Anat.,  Physiol.,  etc.,  1868,  p.  664. 
*See  Hermann's  Handb.  d.  PhjsioL,  II.,  ii.,  p.  271. 
« Ibid.,  p.  272  t 
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11-12  for  the  motor  prooets.  He  thus  calculates  that  about  0.0828 
aea  is  the  *'  reduced  reaction-time,"  or  interval  occupied  within 
the  cerebral  centres  in  transforming  the  sensory  into  motor  im- 
pulses— in  the  special  case  of  reaction  from  hand  to  hand,  where 
the  whole  reaction-time  is  0.1337  sea  The  uncertainties  of  all 
such  calculation,  however,  occasion  the  demand  for  other  methods 
of  determining  the  strictly  "  psycho-physical "  portion  of  reaction- 
time. 

§  4.  ''  Psycho-physical  time  **  (No.  4  of  Exner's  seven  processes) 
18  analyzed  by  Wundt  *  into  three  psycho-physical  processes :  (1) 
Entrance  into  the  visual  ^^  of  consciousness,  or  simple  perception ; 
(2)  entrance  into  the  point  of  clear  vision  with  attention,  or  apper- 
ception (attentive  and  discerning  perception) ;  (3)  the  excitation  of 
the  will,  which  sets  free  in  the  central  organ  the  registrating  mo- 
tion. Obviously,  the  mental  processes  are  here  all  conceived  of 
after  the  analogy  of  sight.  Consciousness  is  regarded  as  a  field  of 
vision  ;  objects  enter  it  and  are  at  first  only  obscurely  and  indefi- 
nitely perceived,  as  are  those  visual  objects  whose  images  enter  the 
field  of  the  eye  at  the  sides  of  the  retina.  Time  is  required  for  the 
objects  to  arrive  at  the  spot  of  clear  vision — the  fovea  centralis  of 
consciousness  (Blickpunkt) — where  discerning  attention  is  bestowed 
upon  them  €Uid  they  are  apperceived.  When  they  are  apperceived, 
further  time  is  required  to  get  up  the  corresponding  molecular  mo- 
tion in  the  motor  areas  of  the  brain.  All  three  foregoing  processes 
are  psycho-physical — that  is,  they  comprise  physiological  processes 
in  the  central  organs  and  simultaneous  corresponding  changes  of 
consciousness  occurring  in  time-form.  There  is  no  good  reason  to 
suppose  that  the  mind  occupies  time  for  its  own  processes  which  is 
separate  from  and — as  it  were — thrown  in  between  the  physio- 
logical processes.  Indeed,  all  the  evidence  is  contrary  to  such  an 
hypothesia 

Wundt  has  made  an  elaborate  defence  of  his  positions  with  re- 
gard to  the  nature  of  psycho-physical  time.  He  and  his  pupils 
have  attempted  more  definitely  to  characterize  the  cerebral  changes 
which  correspond  to  each  of  tlie  mental  elements  of  (1)  perception, 
(2)  apperception,  and  (3)  will.  His  figure  of  speech,  which  Ukens 
all  changes  of  conscious  states  to  those  produced  by  moving  an 
image  over  the  retina  to  the  spot  of  clear  vision,  may  be  accepted 
as  helpful  to  the  imagination  ;  it  must  not  be  forgotten,  however, 
that  it  is  still  a  figure  of  speech.  The  fact  of  which  it  takes  accoimt 
is,  that  all  changes  of  consciousness  require  time  in  order  to  define 
themselves  vrith  their  maximum  of  clearness  and  intensity.     The 

*  Physiolog.  Psycliologie,  ii.,  pp.  220  fif. 
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position  that  the  mental  fonna  of  perception,  appefcepUon,  and 
will,  are  exactly  aimultaneoiis  with  correqxmding  oerebral  proccoPM, 
and  that  mental  states  are  not  to  be  regarded  as  forming  theiD- 
selyes  in  a  separate  time,  as  it  were,  on  top  of  these  processes^  wkj 
also  be  admitted  in  a  provisional  way.  It  is  probable  theory,  how- 
ever,  rather  than  demonstrated  fact  Accordingly,  the  first  problem 
of  psychometry  is,  to  determine  the  simple  reaction-time,  wndbom 
it  to  find  the  three  factors  of  psycho-physical  time — namely,  per- 
ception-time, apperception-time  (or  discemment-timeX  and  will- 
time. 

§  5.  Any  psycho-physical  theory  of  the  time-relations  of  meniil 
phenomena  requires  that  account  should  be  taken  of  the  inertia 
of  the  nervous  system.  As  composed  of  moving  molecules,  it  ne- 
cessarily requires  some  time  to  be  started  by  the  action  of  a  giTen 
stimulus,  then  reach  its  maximum  of  activity  in  a  particular  diiee- 
tion,  then  subside  into  a  negative  condition  with  respect  to  thtf 
direction  (called  *'  Anklingen  "  and  "  Abklingen  "  of  the  nerroos 
excitement,  by  the  German  investigators).  This  statement  follows 
as  a  necessary  assumption  from  the  physical  nature  of  the  De^^ 
fibres  and  nerve-cells,  since  inertia  is  a  property  of  every  material 
mechanism.  It  is  difficult,  however,  to  justify  the  aasumptioQ 
experimentally,  or  to  fii^  the  exact  amount  of  time  consumed  hf 
the  inertia  of  different  parts  of  the  nervous  system.  Experiment 
demonstrates  no  stadium  of  latent  excitation  for  the  motor  neit«> 
such  as  is  about  j^jf  sea  for  the  muscle  when  electricity  is  used 
The  case  is  different,  however,  with  the  end-organs  of  sense.  Thej 
do  exhibit  a  certain  sluggishness,  and  this  is  one  reason  why  onlj 
so  many  sensations  in  a  given  unit  of  time  can  be  produced  by 
their  successive  irritation. 

The  result  of  the  inertia  of  the  end-organs,  as  determining  the 
number  of  separate   excitations  of  which  they   are  capable  in  & 
second,  varies  for  the  different  senses.     The  nerve-endings  of  touch 
probably  exceed  all  others  in  the  promptness  with  which  they  re- 
Hpond  to  stimulus  and  then  return  to  a  relative  equilibrium.    But 
the  number  of  separate  sensations  of  this  sense  which  can  be  pro- 
duced during  a  given  interval  depends  in  a  remarkable  way  upon 
tlie  quaUty  and  intensity  of  the  stimulus,  the  place  where  it  ia  ap- 
plied, etc.     The  results  of  different  experimenters  therefore  differ 
widely.     Preyer  thought  that  27.6-36.8  nei-vous  shocks  (per  sec- 
ond) of  the  skin  fused  into  one  continuous  sensation  ;  but  Valentin 
put  the  limit  at  480-640,  and  von  Wittich '  succeeded  in  distinguish- 

*  For  his  remarks  on  Preyer's  ez3)eriiuent8,  see  the  article  in  Pfliiger^  ArohiT. 
li.,  pp.  329  flf. 
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ing  about  1,000  separate  exdtationB  in  this  unit  of  time.  Hearing 
can  receive  nearly  as  many  separate  sensations  in  a  second  as  can 
touch.  The  noise  of  the  electric  spark  has  been  heard  with  one  ear 
only,  as  separate  sensations^  at  intervals  of  0.00205  sec.;  but  hardly 
or  not  at  all  at  intervals  of  0.00198  sec.  The  number  of  possible 
sensations  of  sound  may  then  be  placed  at  about  500  per  second. 
Mach,*  however,  by  using  the  cUck  from  a  revolving  toothed- wheel, 
claims  to  have  reduced  the  interval  to  0.016  sea  The  interval 
is  increased  to  about  0.064  sec.  when  the  same  auditory  impres- 
sions are  heard  by  both  ears.  K  H.  Weber  noticed  that  we  can 
tell  whether  two  watches  are  ticking  exactly  together  much  better 
when  both  are  held  near  the  same  ear  than  when  one  is  held  at 
each  ear.  Far  fewer  musical  tones  than  noises  can  be  heard  in  a 
second  ;  and,  indeed,  a  number  of  vibrations,  occupying  a  consider- 
able fraction  of  a  second,  must  be  secured  before  the  sensation  of 
tone  is  established,  as  it  were. 

The  smallest  interval  for  sensations  of  sight,  when  the  two  stimuli 
act  on  the  same  place  of  the  retina,  is  still  greater.  In  ordinary 
daylight,  rotating  disks  whose  surface  is  part  white  and  part  black 
become  gray  (that  is,  the  sensations  fuse)  when  they  attain  a  motion 
of  about  24  per  second.  It  can  be  told  which  of  two  images  of  elec- 
tric sparks  that  are  0.011  nmL  apart  on  the  retina  occurs  first,  if 
the  difference  in  the  time  of  their  occurrence  is  0.044  sec.  If  the 
two  sparks  are  seen  as  one  with  an  apparent  motion,  its  direction 
can  be  distinguished  when  the  two  ends  of  the  hne  of  motion  are 
only  0.014-0.015  sec.  apart  But  if  one  stimulus  strikes  the  fovea 
centralis  and  the  other  a  point  of  the  retina  6  mm.  off^  the  smallest 
interval  for  distinct  perception  is  increased  to  0.076  sec.'  Within 
certain  limits  these  intervals  are  independent  of  the  intensity  of  the 
light,  when  it  falls  on  the  retina  near  its  centre  ;  but  (comp.  p.  334) 
the  intensity  and  quality  of  the  sensations  are  connected  with  the 
time  during  which  the  stimulus  acts.  The  law  for  the  "time- 
course  '*  of  such  retinal  excitations  has  been  stated  and  defended  by 
Fick,'  OS  known  by  the  name  of  "  Talbot's  principle  :"  If  any  place 
of  the  retina  is  periodically  excited  with  light  of  given  intensity,  for 
a  certain  time  a,  and  then  left  unexcited  for  a  time  b,  and  if  the 
time  a  +  ^  is  less  than  about  0.04  sec,  then  the  sensation  becomes 

continuous,  with  a  strength  corresponding  to  the  excitation   —  .. 

»  Sitzgsber.  d.  Wiener  Acad.,  LI.,  p.  142. 

•Comp.  Exner,  in  Hermann's  Haudb.  d.  Physiol.,  II.,  ii.,  p.  256  f.;  and 
Sitigsber.  d.  Wiener  Acad.,  LXXII.,  p.  150  f. 

»  Archiv  t  Anat.,  Phjsiol.,  1863,  p.  739  f.;  and  Hermann's  Handb.  d.  Phy- 
siol., UI.,  L,p.  212  t 
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If  the  inertia  of  tbe  eye  for  the  difbrent  oolor-fleiiMitioiis  were 
greatly  (liflferent,  we  would  see  objects  differently  colored  aoootd> 
ing  to  the  time  that  the  rays  from  them  were  acting  cm  tbe  retina. 
That  the  different  parts  of  the  spectrum  do  actually  require  slightly 
different  intervals  of  time  to  reach  the  maximum  of  their  excakakkm 
has  been  shown  by  KunkeL'  EquaUy  bright  light,  as  before  stated 
(p.  334),  attains  its  maximum  effect,  for  red  rays  in  about  0.057S 
sec.,  for  green  in  0.133  sec,  for  blue  in  0.0916  sec.  With  the  wtam 
color-tone,  the  greater  the  brightness  the  quicker  the  nuudmnia 
effect  is  reached.  Thus  for  three  degrees  of  bri^tneaa  the  time  lor 
red  rays  is  0.0573-0.071  sec  ;  for  green,  0.0699-0.133  sec  ;  for  bfaM^ 
0.0916-0.102  sec  Accordingly,  the  spectrum  may  be  reduced  ia 
size  and  number  of  color-tones  by  diminishing  the  duration  of  the 
action  of  tbe  light  which  forms  it 

The  measurement  of  the  smallest  interval  for  sensations  of  smeD 
and  taste  cannot  be  made  with  satisfactory  exactness  on  account  of 
the  nature  of  the  stimuli  of  these  sensea  Little  is  known  which 
goes  beyond  ordinary  experience  concerning  after-tastes  analogooi 
to  the  after-images  of  the  eye.  One  experimenter  (Bidder)  thought 
that  the  sensation  continued  after  the  tongue  had  been  so  carefolfy 
dried  off  that  no  particles  of  the  tastable  substance  were  left  remain- 
ing ;  but  of  this  we  can  scarcely  be  sure.  It  may  be  that  certua 
substances  leave  their  after-taste  because  their  tastable  particles  are 
dissolved  later ;  or  because  their  effect,  being  weaker,  is  at  first 
supi)rosse<l  by  jxirticles  of  stronger  quahty.' 

S  ().  Wlieu  the  successive  sensations  ore  of  different  senses,  the 
"  smallest  interval  "  between  them,  and  so  the  number  possiUe  in 
a  second,  varies  still  more.  The  following  table '  exhibits  the  re- 
sults obtained  bv  several  different  observers  : 

Sec 

Between  two  sensations  of  sound  (electrical  sparks) O.0Q8 

Between  two  sensations  of  light  (direct  electrical  excitalion  of  same 

H'tinal  8i)ot) 0.017 

Between  two  sensations  of  touch  (impact  on  finger — Mach) O.0S7* 

Between  two  sensations  of  light  {aiforea  crntralis^  hj  optical  images). .  0.044 
Between  two  sensations  of  light  (at  pi>riphery  of  retina,  bj  optical  images)  0.0t9 
Between  sensation  of  si^ht  and  sensation  of  touch  (sight  following).  . . .  0.05 
Betw(>en  Sensation  of  sight  and  sensation  of  hearing  (night  following). .  0.06 

Between  two  sensations  of  noises  (each  heard  by  one  ear) O.OM 

Between  sensation  of  sitrht  and  sen.<«ation  of  touch  (sight  preceding). . .  0.071 
Between  two  sensations  of  light,  one  at  the  periphery  and  the  other  at 

the  centre  of  retina 0.076 

Between  sensation  of  sight  and  sensation  of  hearing  (sight  preceding). . .  0.16 

'  PfliWer's  Archiv.  ix..  p.  206  f. 

'  Comp.  von  Vintschsau,  in  Hermann's  ITandb.  d.  Physiol.,  III.,  IL,  p.  221. 

^  By  Exner,  in  Hermann's  Haudb.  d.  Physiol.,  II.,  ii.,  p.  S63. 
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g  7.  The  way  that  the  intensitj  of  sensations  of  light  rises  to  a 
maximum,  continues  there,  and  then  falls  off  through  exhaustion 
of  the  retina,  in  time,  has  been 
represented  by  Fiok '  with  the 
use  of  the  accompanying  figure 
(Na  114). 

§  8.  The  point  of  starting  for 
determining  experimentally  all 
the  problems  which  concern  the 
durations  and  relations  in  time 
of  mental  phenomena  is  gained 

_       ^    .         .,        ,    .        1  ..  Fia.  114.— Curre*  iihowing  the  Rise  and  Fall  of 

by  fixing  the  "  simple   reaction-         the  lotnuiity  of  SennaUont  of  Light-the  ab- 
4-;»«^  »»     fru;^  ;<,  f^^-.^A  *^  .«««r  #^*.         *lf*~  m«a«ired  along  ohI  repreaentinc  the 

time.  Inis  is  xouna  to  vary  for  time. 
different  persons,  for  the  differ- 
ent senses,  and  under  different  conditions  of  expectation,  attention, 
habit,  etc.  In  its  Tery  simplest  form,  the  question  may  be  stated  as 
follows  :  How  long  an  interval  will  elapse,  under  the  most  favorable 
circumstances,  between  the  instant  when  some  end-organ  of  sense  is 
stimulated  and  the  instant  when  motion  follows  as  the  result  of  rec- 
ognizing the  fact,  in  consciousness,  that  such  stimulation  has  taken 
place  ?  In  this  form  the  three  elements  of  psycho-physical  time 
(perception,  discernment  or  apperception,  and  choice)  are  sup- 
posed to  be  reducible  to  one — namely,  to  simple  perception.  This 
supposition  is,  of  course,  true  only  in  case  that,  by  practice  in  react- 
ing upon  an  expected  sensation  in  one  definite  way,  the  cerebral 
sensory-moter  processes  have  attained  the  highest  possible  rate  of 
speed,  and  the  time  ordinarily  occupied  in  deciding  what  te  do,  and 
in  starting  the  voluntary  moter  mechanism,  has  been  reduced  al- 
most, or  quite,  to  zero.'  The  entire  process  then  becomes  reflex, 
simply  the  sensory  central  part  of  it  being  represented  by  a  con- 
scious act  of  perception.  To  shorten  the  reaction-time  as  much 
as  possible,  the  subject  of  the  experiment  must  know  what  place  of 
the  sensory  organism  is  to  be  hit  by  the  stimulus,  and  about  when 
to  look  out  for  it ;  he  must  also  be  called  upon  to  react,  in  one  and 
the  same  easy  and  natural  way,  in  all  cases,  as  soon  as  he  knows 
that  he  is  hit  at  all. 

The  following  table '  gives  the  mean  values  of  the  reaction-time 
''from  hand  to  hand  **  (one  hand  being  hit  by  the  electrical  current 

1  Hermann's  Handb.  d.  Physiol.  III.,  i.,  p.  216. 

•  Comp.  Wnndt,  Physiolog.  Psychologie,  ii.,  p.  226  f. 

*  Taken  from  Exner,  in  Hermann's  Handb.  d.  Physiol.,  II.,  ii.,  p.  263;  the 
two  sets  of  numbers  indicate  values  which  were  found  in  two  series  of  exper- 
iments. 
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and  the  other  reacting,  for  eiample^  to  pre«  a  kejX  ^  determiDi 
by  Tarious  obeerrers : 

Helmhultx.  Hlnch.       KohhmDKfa.      ^"^iSok.  * ^**      V««K«i"i 


0.12776  MC.  (0.1733  MQL  )  n  i«icy7  .^  )  0.158  va  )ai270  Ma  )ai067aec.  10.117  m. 
O.L:MU5iieo.  )  0.L9U  mo.  (^-^^^  "^^  (0.1«A«a  (aiSlS  lea  (0.1tMIOMe.  faitfm 


The  last  two  experimenters  developed  certain  interestiDg 
They  found  the  reaction-time,  when  the  stimnlus  was  applied  to 
the  middle  finger,  to  be  for  Kries  0.117  aec.  and  f or  Auertsach  <K14€ 
sec. ;  but  when  applied  to  the  back  of  the  hand,  to  be  for  Eriei 
0.119  iM.*c.  and  for  Auerbach  0.147  aec.  But  the  hand  being  about 
IG  ctiu.  nearer  the  brain  tlian  the  middle  finger,  its  reaction-time 
should  have  been  some  0.004  sea  shorter  instead  of  longer,  u  i 
matter  of  physiological  time.  Exner  found  that  the  reaction-time^ 
when  the  forehead  is  stimulateil,  is  greater  than  when  the  stimnloi 
is  applied  to  tiie  hand.  Bloch  found  the  same  thing  true  when  tfaft 
nose  is  stimulated.  The  ititercerebral  relations^  taken  in  oonnectiaB 
"mih  the  law  of  habit,  probably  account  for  the  foregoing  facta 

The  value  of  the  reaction-time  also  changes  when  the  charsctflr 
of  the  stimulus  is  changed  on  which  the  subject  of  experiment  re- 
acts.    This  fact  is  made  apparent  by  the  following  table : ' 

OlMenrer.  OptloRl  utimoliM.    AootuUc  ■timalm.    Stimnlas  of  teooh. 

Sec  Sco.  Sec 

Hin*ch  0.200  0.149  0.183  (hand). 

Hankel 0.225  0.151  0,155 

Donders 0.188  0.180  0.154  (neck). 

Von  Wiitieh 0.194  0.182  0.130  (forehead). 

Wiin.lt 0.175  0.128  0.188 

Exner 0.1506  0.1300  ai276  (hand). 

AutrLach 0.191  0.123  0.146 

Von  Kries 0.193  0.120  0.117 

Wo  conclude,  then,  that  under  the  most  favorable  circamstances 
the  rc.'iction-timc  can  scarcely  be  reduced  to  i^j^  of  a  second,  while 
it  niroly  rises  much  above  ^'^  of  a  seconiL 

g  9.  It  has  1x>cn  ar<j^uc<l  that  the  apparent  difference  in  the  m^ 
tion-tiincs  of  different  senses  is  due  to  difference  in  the  intensity  of 
the  Ktininli  applied.  Increasing  the  strength  of  the  stimulus  de- 
creases the  relict  ion-time  in  all  the  senses  ;  but  we  have  no  very 
p^ooil  moans  of  mcaHuring  stimuh  of  one  sense  in  terms  of  another 
sense.  It  has  been  pro])osed '  to  reduce  them  to  a  common  standard 
by  refeiTing  the  wnsations  to  the  point  where  they  barely  reach 
the  ** threshold  of  excitation"  {Reiz»L*hiix*Ue)  ;  that  is,  where  they 

'  Taken  from  tin*  articlo  of  von  Kries  and  Auerbach,  Archiv  f.  AnaL  a.  Phr* 
Biol.,  Phvfiioli.g.  Abth.,  1877,  p.  :^')y  f. 

^  By  Wuudti  Pliybiolog.  Psychol ogie,  ii.,  p  223  L 
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are  just  perceptible  in  conscioosnesa  In  this  way  the  mean  resalt 
for  sound  (0.337),  light  (0.331),  and  touch  (0.327)  are  found  to  be 
almost  exactly  the  same.  It  has  further  been  argued  that  the 
q>eed  of  perception  and  the  duration  of  psycho-phjsical  time  are 
the  same  for  all  the  senses.  On  the  contrary,  there  seems  good 
reason  to  suppose  that  the  reaction-time  of  sight  is  necessarily 
longer  than  that  of  hearing  or  touch,  on  account  of  the  photo- 
chemical nature  of  its  more  immediate  stimulus.  One  observer 
(Ton  Wittich)  has  even  gone  so  far  as  to  conjecture  that  the  speed 
of  conduction  in  the  optic  nerve  is  less  tlian  that  of  the  other 
nerves  of  sense ;  it  is  rather  to  be  concluded,  however,  that  the  la- 
tent time  of  the  sensory  end-apparatus,  and  of  the  cerebral  pro- 
cesses by  which  sensory  impulses  pass  over  into  motor  impulses^' 
is  different 

§  10.  The  effect  of  increasing  the  intemily  of  the  stimulus,  in  di- 
minishing the  reaction-time,  has  been  studied  by  Wundt  for  sen- 
sations of  sound  occasioned  by  the  fall  of  a  hammer  or  ball — with 
the  following  result : 


Heiirht  of  hammer.  BcAotioii-iime. 

Seo. 

1  millimeter 0.217 

4  millimeters 0. 140 

8  millimeters 0.132 

16  miUimeters 0.135 


Height  of  bail.  Beaciion-time. 

Sec. 

2  centimeters 0.161 

5  centimeters 0. 176 

25  centimeters 0.159 

55  centimeters 0.094 


This  effect  is  obtained,  of  course,  only  within  certain  limits  ;  for 
the  sound  must  not  be  so  loud  as  to  startle  and  confuse.  Thus, 
also,  when  the  length  of  the  electric  spark  which  stimulates  the 
retina  is  increased  the  reaction-time  is  diminished.  Exner '  found 
that,  while  it  was  0.1581-0.1502  sec.  for  sparks  0.5-1  mm.  in  length, 
it  was  0.1479-0.1384  sec.  for  those  2-5  mm.  long,  and  diminished 
to  0.1229  sec.  for  those  of  7  mm. 

The  reaction-time  is  also  diminished  by  indicating  the  instant 
at  about  which  the  sensation  may  be  expected,  through  some  pre- 
ceding signal.  The  interval  for  the  sound  caused  by  a  ball  foiling 
25  ctm.,  which  without  signal  was  0.253  sec.,  was  reduced  by  a 
signal  to  0.076  sec. ;  and  when  the  fall  was  5  ctm.  the  interval  was 
reduced  by  the  signal  from  0.26G-0.175  sec'  In  order  to  secure 
this  effect,  however,  the  interval  between  signal  and  impression 
should  be  nearly  constant,  and  not  so  long  as  to  overstrain  atten- 

'  Comp.  von  Krles  and  Aoerbach,  Archiv  f.  Anat.  n.  PhTsiol.,  Physlolog. 
AbtK,  1877,  p.  859  f. 

*  Hermann's  Handb.  d.  Physiol.,  II.,  ii.,  p.  2691 
« See  Wundt,  Physiolog.  Physiol.,  il.,  p.  338. 
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iion  or  preyent  the  carrying  of  a  definite  mental  image  of  this  in* 
tervaL 

The  detailed  investigations  of  Berger,'  recently  published,  an- 
nounce the  following  conclusions :  (1)  The  reaction-tune  increaaet 
in  inverse  ratio  to  the  intensity  of  the  stimulus,  and  so  much  the 
faster  the  nearer  we  approach  the  ''  threshold  "  (or  lower  limit)  of 
the  stimulus  ;  (2)  discernment-time  is  related  to  alterations  in  the 
intensity  of  the  stimulus  in  the  same  way  as  simple  reaction-time ; 
and  (3)  will-time  is  independent  of  the  intensity  of  the  stimulus. 

§  11.  When  the  quality  of  the  impression  to  be  expected  is 
known,  but  its  intensity  is  unknown,  the  reaction-time  is  increased. 
The  increase  is  greater  if  the  alternation  of  intensities  is  very  irreg- 
ular.    This  fact  is  exhibited  by  the  following  table : ' 


L  Unifonn  diAOg*  of  inteiuity. 

Sec 

Loud  sound 0.116 

Feeble  iwund 0.127 


n.  Irregular  ohangv  of  iotenaity. 


Lond  sound 0.189 

Feeble  sound 0.298 


By  suddenly  intercalating  a  feeble  sound  in  a  series  of  loud  noises 
the  reaction-time  may  be  prolonged  to  0.4  or  0.5  sec  It  is  also 
greatly  lengthened  when  the  impression  is  wholly  unexpected  by 
the  subject  of  the  experiment  being  taken  off  guard,  as  it  were ;  in 
such  a  case,  also,  it  may  reach  0.5  sec.  As  might  be  expected,  it 
takes  longer  to  react  in  an  unnatural  and  unaccustomed  way.  It 
requires  more  time  to  react  with  the  foot  than  with  the  hand ;  s 
mean  reaction-time  from  eye  to  foot  was  found  by  £xner  to  be 
0.1840  sec. 

§  12.  The  reaction-time  for  the  sense  of  taste  varies  in  depend- 
ence upon  the  part  of  the  tongue  to  which  the  stimulus  is  applied, 
and  upon  the  character  of  the  gustable  substance.  It  also  varies 
greatly  with  different  persons.  Von  Wittich  fixed  it  at  0.167  sec 
from  tongue  to  hand,  by  using  the  sour  taste  which  the  electrical 
current  excites.  The  reaction-time  for  sugar  on  the  tip  of  the 
tongue  varied,  for  three  different  persons,  from  0.1639  to  O.3502 
sec. ;  and  for  quinine,  for  two  persons,  from  0.2196  to  0.993  sec 
For  the  root  of  the  tongue,  it  was  found  to  be  0.552  sec.  for  sugar, 
and  0.502  sec.  for  quinine."  Little  has  been  done  to  determine  the 
reaction-time  of  smell.  Some  have  maintained  that  it  must  be  much 
longer  than  the  reaction-time  of  sight  and  hearing,  and  even  reach 
several  seconds  ;  others  have  held  that,  although  slower  than  these 

>  Wandt's  Philosoph.  Studien,  1885,  III.,  heft  i,  pp.  88  ff. 
'  Wundt,  Physiolog.  Psychologie.  !i.,  p.  241  f. 

'  Von  Vintschgau  and  Honigschmied,  in  PfliVger*!  Arohiv,  x.,  1;  xiLt  2; 
ziv.,  8, 
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senses,  smell  has  probably  a  reaction-time  of  only  a  fraction  of  a 
second.  The  latter  view  seems  more  recently  to  have  been  con- 
firmed by  the  experiments  of  Moldenhauer,'  who  obtained  the  fol- 
lowing among  other  figures :  Oil  of  mentha,  0.203-0.362  sec. ;  oil 
of  bergamot»  0.212-0.374  sea  ;  camphor,  0.226-0.492  sec.  ;  musk, 
0.319  sec  Taste  and  smell  are  much  more  subject  to  change  in 
the  length  of  the  reaction-time  through  individual  peculiarities 
of  the  exciting  substances  and  of  the  subjects  of  experiment^  than 
are  the  senses  of  hearing,  sight,  and  touch. 

§  13.  Having  obtained  the  mean  reaction-time  for  the  different 
senses  under  varying  circumstances,  the  method  of  investigation 
requires  that  it  should  be  determined  how  much  the  reaction-time 
is  iucreased  by  increasing  and  complicating  the  psycho-physical 
elements.  One  principal  question  to  be  answered  by  this  method 
is  the  following :  How  much  time  is  required  for  "  apperception  "  or 
'  clear  discernment  of  perceived  objects  in  the  central  point  of  con- 
sciousness under  different  conditions  ?  This  question  has  been  very 
patiently  and  fully  investigated,  at  first  by  Donders,  and  since  by 
many  observers,  especially  by  von  Eries  and  Auerbach.* 

Donders '  and  his  pupils  were  the  first  to  examine  in  detail  the 
speed  of  psychical  processes,  with  a  view  to  determine  how  long  it 
takes  to  recognize  one  of  two  or  more  different  presentations  of 
sense  ;  and  also  how  long  to  solve  the  dilemma  of  choosing  one 
of  two  means  for  making  the  reaction.  For  example,  in  one  series 
of  experiments  the  eye  was  suddenly  stimulated  with  either  red  or 
white  light  (the  subject  of  the  experiment  not  knowing  which  to 
expect),  the  signal  for  the  former  to  be  given  with  the  right  hand, 
the  signal  for  the  latter  with  the  left  In  another  series  of  experi- 
ments, the  quality  of  the  light  or  sound  was  to  be  recognized  before 
reaction,  but  reaction  was  to  take  place  only  in  case  a  particular 
one  of  the  two  sensations  was  recognized  ;  in  case  the  other  sensa- 
tion appeared  in  consciousness,  no  reaction  was  to  take  place.  In 
other  words,  discernment  of  the  presentation  of  sense  was  to  be 
followed  by  the  choice  between  reacting  in  a  prescribed  way  and  re- 
hraining  from  reacting  at  all.  In  still  other  experiments  the  stimulus 
consisted  of  a  "vocal  clang  "called  into  a  "phonautograph"  by  one 
person,  and  the  reaction  consisted  of  the  same  clang  repeated  by 
another  person  ;  or,  again,  the  recognition  of  one  or  more  letters 
seen  was  signalled  by  a  movement  of  the  hand.     By  such  methods 

>  Wnndt'a  Phllosopli.  Studien,  I,  heft  iv.,  p.  606  f. 

*  See  their  article  in  Archiv  t  Anat.  u.  Physiol.,  Physiolog.  Abth.,  1877,  pp. 
297-878. 

'  Arohiv  f.  Anat,  Physiol.,  etc.,  1868,  pp.  657-676. 
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Donders  made  the  mean  reaction-time  of  five  persons,  for  dis- 
cernment between  red  and  white  light,  with  choice  of  the  hand  br 
which  to  react,  to  be  0.154  sec;  the  minimum,  0.122  sec.;  the 
maximum,  0.184.  The  mean  reaction-time  for  two  letters,  with 
discernment  and  signal  by  calling  them  out,  was  found  to  be  0.166 
sec. ;  when  the  number  of  letters  was  increased  to  five,  the  mean 
reaction-time  rose  to  0.170.  It  took  0.180  sec  to  discern  and 
repeat  a  vocal  clang  when  known,  0.268  sec  when  unknown.  "With 
the  method  of  reacting  only  on  one  clang  and  keeping  silent  whes 
others  were  heard,  the  mean  reaction-time  varied  from  0.201  to 
0.284  sec.  The  investigations  of  Donders  made  obvious  the  &et 
already  stated  (p.  475  f.),  that  the  natural  connection  between  the 
sensation  and  the  peculiar  means  chosen  for  reaction  is  of  in- 
fluence in  determining  the  intervaL  Donders  assigned  0.039  sea 
to  the  psychical  process  of  the  development  of  a  presentation  of 
sound  in  his  own  case,  and  a  littie  less  to  the  formation  of  a 
decision  of  wilL 

^  14.  Another  and  ingenious  method  of  determining  the  time 
required  for  "  apperception  "  was  proposed  by  Baxt  ;*  it  was  haaed 
ujx^n  the  principle  of  the  inertia  of  the  senses,  especially  of  sight 
Suppose  the  question  raised.  How  long  must  an  image  act  on  the 
optical  apparatus  in  order  to  occasion  a  clear  presentation  of  sense? 
It  may  Ix^  answered  by  discovering  how  quickly  after  a  given  im- 
pression another  stronger  one  must  follow  in  order  that  the  latter 
may  overtake  the  former,  and  quench  it — as  it  were — ^before  it 
rea<*h(?s  the  fttcns  of  apperception.  Let  then  some  image  which 
requires  discernment  to  interpret  it — as  the  image  of  several  letters, 
or  of  a  simple  geometrical  figure — be  thrown  upon  the  retina,  and 
let  this  ima^o  bo  succeeded  after  a  brief  interval  by  the  image  of  a 
bright  white  disk  ;  then,  if  the  interval  be  less  than  a  certain  time, 
apporcoption  (or  clear  ^^Hion,  with  dii^ct*rnment  ofthf!  significance oi 
the  imaj^'o)  Avill  not  take  place  at  all.  Baxt  found  that  the  time  ne- 
cessjiry  under  these  circumstances  for  a  presentation  of  visual  sense 
depends  upon  the  intensity  of  the  second  excitation  ;  it  increases 
as  this  intensity  increases.  It  depends  also  upon  the  complexity  of 
the  apperception  required  ;  to  recognize  three  letters  required  only 
about  lialf  the  time  necessarv  to  recojmize  five  or  six.  With  an 
interval  of  0.0048  sec.  between  the  two  excitations,  the  first  ap- 
peared as  scarcely  a  trace  of  a  weak  shimmer  ;  with  an  interval  of 
0.009G  sec.,  letters  appeared  in  the  shimmer — one  or  two  of  which 
could  be  partially  recognized  when  the  interval  increased  to  0.0144 
sec.     "When  the  interval  was  made  0.0192  sec,  the  objects  were  a 

1  Set  F^«— *- iU«UT»  iT.,  pp.8a5  ff. 
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t  dearlj  <Iisi'«niiHl ;  at  0.0336  »ee.  four  letters  couli)  be 
t  raoo^ized  :  at  0.(U3'i  mo.,  five  letters  ;  and  at  U.0Q28  sec  nil 
e  lettr>ni  coulJ  bo  rcail. 

f  IS.  Tliv  tuvthod  o[  Baxt  was  rejenteil  by  vun  Kries  nnd  Aaer- 
■H  uQBuitable  t^)  tuiawer  the  question  moat  Uit«f«titiiig  to 
iyin(^l  resscnrclifij ;  because  it  iocludea  aa  an  iuextrioable 
r  tb*  tirao  itMxI  ttp  in  tbo  peripbenU  nprvra.  Bpsidm,  w« 
leana  of  eatimatiiig  ju«t  to  what  atadiuni  n  {My<;lio-pbysi- 
•  nmat  bsTe  aJranoed  when  it  becomea  impoasible  for  a 
g  maeMNlin;  MmMitioa  to  overviheha  it.  TliPie  obserrers  pre" 
kI,  tberuforo,  tbe  tnetliod  employed  liy  Dontlere,  mhI  4.-s[ie(niiUj- 
0  firm  (called  "  Voml'-n'  G-method  ")  iti  whioli  the  subject  of  ex- 
wit  n-octs  in  obp  prowrib^d  way  or  else  TvfnunH  fioni  rcncting 
By  tilts  inotbiM]  tlicy  endonvorccl  tii  answer  thi>  ijut-Htiiins  ; 
;  time  paasoa  aft«r  the  OL-ourrtiuco  of  a  stimulus  of  sit^ibt 
1^1  know  wbat  color  it  boa  ;  nnd  bow  long  before  T  know  at 
a  tlie  fl«ld  of  sight  I  oxjMtriunne  it,"  eXc.  ?  Their  results 
1  up  in  tbe  following  table.'  [Tbe  unniliers  give 
I  by  them  to  tbe  diacemtDt<nt  involr«il  in  thti  vn- 
■  peifomKKl— tbatis,  the  iwycbo-pliysical  time  exdu- 
if  all  solutioD  of  a  dilemma  by  tbe  will  liiis  time  is  found 
J  aabtfitntiut;  tlwt  Himplo  rcantinn-titDP,  or  lime  nQotnar)'  for  re- 
%  <rbca  no  diaoemmeot  i^  ruquirtMl,  from  tbe  whole  time  ra- 
il for  lbs  prooeea  in«luding  audi  diaoemmemL] 


U  of  tiKKlliwUaa  of  light I  0.011  0.01? 

■      r*Miiw»iwloi* 0.019  0  (B4 

B  of  •uan4  (mjulmuml I  O.OtS  O.OSS 

atuf  taD»«Leulili:hrr '  O.OIB  0.M8 

«  of  M-aalloni  of  Inuoh I  O.OIl  O.OM 

n  iir  dlauncK  t.r  <i<vlit . . . .   |  0  0!9  I    O.OW 

MMl  IvIweFH  lona  ■n'l  adlM 0.0C9  |     O.OW 

H«f  iti>Mi«ltyorwiaMtliinaartinMli<Mmtg).,..|  0.039  0.081 

SWMnui^  of  Uia*  wbMi  Invvr |  O.OM  O.0S4 

riirni     '   *  lalvMllr  at  mbwiIom  of  tomh  iwmky ,  O.OBD  0. 106 

lajltwtliw  of  aMnd  imasltnuiD  J O.Ott  0.077 


I  I  UL  VariaaafatefeMttngdiacoTerieswem  made  during  tbe  ooarw 
'  imila  wliidi  resulted  in  preparing  the  foregoinft  taUa 
,  it  wu  found  that  the  dmplo  reactioB-tiine  for  A. 
h),  wbra  otimnluN  wa<  applied  \a  ibe  middle  finger  or 
«AnliU  t  Aut.  D.  rii/iiol..  Itn?,  Phfilotog.  AUh.,p.m. 
•lUd-.p.  »Mt 
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back   of  the   hand,  was  0.146-0.147  sec.;  and  for  K.    (Eries), 
0.117-0.119  sec.     But,  as  the  table  shows,  when  discernment  wm 
required  of  the  two  observers,  the  reaction-time  of  K.  was  relatife- 
Ij  so  much  increased  as  to  make  his  discemmentrtime  greater  thao 
that  of  A.     The  result  of  practice  in  discernment  was  found  to  hold 
good  for  other  areas  of  the  skin  than  those  in  experimenting  upon 
which  the  practice  was  gained.     For  discernment  among  three 
places  (middle  finger,  back  of  hand,  and  middle  of  lower  arm),  the 
order  being  unknown  and  only  one  to  be  reacted  on — the  mean  in- 
terval required  was  for  A.  0.028  sec,  and  for  K.  0.050  sec. ;  tm- 
ther  practice,  however,  reduced  this  interval  to  about  the  same  as 
that  required  for  two  places. 

Discernment  between  two  intensities  of  the  sensation  of  touch  wbs 
found  to  be  very  uncertain  and  difficult  Many  more  false  reacticHis 
followed  the  attempt  to  tell  whether  the  dorsal  side  of  the  last  of 
the  phalanges  of  the  middle  finger  was  being  hit  with  the  weaker 
or  the  stronger  of  two  stimuli  than  occurred  in  the  attempts  to 
localize  tactile  sensations.  The  discernment-time,  when  reaction 
followed  the  stronger  stimulus,  was  O.OlG-0.034  sec.  for  A.,  and 
0.05-0.07  for  K ;  when  reaction  followed  the  weaker  stimulus,  the 
discernment- time  was  0.035-0.069  sec.  for  A.,  and  0.089-0.114  for  E. 
The  character  of  our  judgments  of  intensity  is,  perhaps,  dependent 
on  the  steepness,  as  it  were,  with  which  the  curve  rises  in  consci- 
ousness ;  but,  however  this  may  be,  it  appears  that  we  discern  how 
and  where  wc  are  affected  with  a  sensation  more  promptly  than 
about  how  much  we  are  affected. 

When  discernment  between  two  simple  tones  of  different  pitch  is 
required,  the  reaction  follows  the  one  of  higher  pitch  more  promptly. 
Thus  the  discernment-time,  under  such  circumstances,  was  for  A.} 
0.015-0.044  sec,  and  for  K,  0.043-0.11 ;  but,  if  reaction  followed 
the  tone  of  lower  pitch,  the  discernment- time  for  A.  was  0.03-0.059 
sec,  and  for  K.  0.045-0.092.     To  discern  tone  from  noise,  when  re- 
action followed  the  tone,  A.  required  0.015-0.023  sec.,  and  K  0.036 
-0.055  ;  when  reaction  followed  the  noise,  A's  discernment-time  was 
0.017-0.025  sec ,  and  K's,  0.045-0.047.     The  reaction-time  dimin- 
ishes as  the  pitch  rises  ;  for  very  high  notes.it  nearly  reaches  the 
limit  required  for  hearing  the  noise  of  the  electric  spark.     The  ex- 
planation for  these  experiences  requires  reference  again  to  the  fact 
that  some  15-20  vibrations  are  necessary  to  start  the  organ  so  that 
the  sensation  of  musical  tone  can  be  received  at  alL 

The  simple  reaction-time  for  sensations  of  sound  remains  nearly 
the  same  for  all  changes  in  the  angle  by  which  the  locality  of  the 
sound  diverges  from  the  median  plane  between  the  two  ears.    But 
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the  tiine  required  for  discerning  the  locality  of  the  sotind  varies 
greatly  for  the  different  sizes  of  this  angle.  Thus  the  discernment- 
time  for  locality,  as  to  right  or  left,  varied  for  Auerbach  and  Eries 
as  follows : 


Angle  120»-36o. 

Sec. 

0.020 
0.013 

Angle  »»-98«. 

Angle  96«-ll*. 

A 

Sec. 

0.038 
0.122 

Sec. 
0.120 

K 

0.158 

The  discemment-tiine  required  for  localizing  the  direction  of  a 
spark  by  direct  vision  varied  for  A.  from  0.005  to  0.025  sec,  and  for 
K.  from  0.006  to  0.029  sec  ;  by  indirect  vision,  for  A.  from  0.008 
to  0.028  sec.,  and  for  K  from  0.007  to  0.028  sec.  For  locahzing 
distance,  A.  required  0.019  to  0.027  sec.  of  discernment-time,  when 
the  object  arose  in  front  of  the  fixation-point,  and  K  0.027  to  0.035 
sec.  ;  but  A.  required  0.019  to  0.029  sec,  and  K  0.021  to  0.036  sec., 
when  the  object  arose  behind  this  point 

§  17.  Various  strong  objections  have  been  raised  to  the  validity 
of  the  results  reached  by  the  observers  last  mentioned.  For  ex- 
ample, Richet'  thinks  that  an  interval  so  small  as  their  "  discern- 
ment-time" (about  0.03  sec.)  is  below  the  limit  of  the  experimental 
error.  But  the  constancy  of  the  results  obtained  by  such  a  large 
number  of  experiments  with  reference  to  the  mental  peculiarities 
of  the  two  subjects  of  experiment,  and  to  the  different  kinds  of  men- 
tal processes  involved  (discernment  of  locality,  quality,  quantity, 
etc.),  is  too  great  to  allow  of  the  results  being  summarily  rejected. 
The  criticism  of  Wundt '  as  applied  to  the  method  employed  (the 
so-called  "Donders*  C-method*')  is  much  more  pertinent.  This 
veteran  experimenter  considers  that  the  psycho-physical  time  re- 
quired to  discriminate  between  two  or  more  possible  presentations 
of  sense,  and  then  react  only  in  case  one  of  them  is  apperceived, 
cannot  all  be  allotted  to  discernraent-time.  For  an  element  of  vo- 
lition, or  will-time,  is  as  truly  involved  in  the  decision  whether  to  react 
or  not  to  react  as  in  the  decision  between  two  modes  of  reaction. 

With  a  view,  then,  to  analyze  these  elements  more  perfectly,  and 
so  determine  the  exact  duration  of  "apperception,"  in  the  sense 
in  which  the  word  is  used  by  Wundt,  another  method  of  experiment 
has  been  employed  by  Friedrich.'  In  this  method  the  subject  of 
experiment  is  warned  when  to  expect  one  of  two  or  more  colors 

'  See  Bevne  philosophique,  VI.,  p.  895. 

•  Phjsiolog.  Psychologie,  ii.,  p.  251  f. 

•See  Wundt's  Philosoph.  Studien,  II.,  heft  i.,  pp.  39  ff. 
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to  be  discerned,  but  does  not  know  which  one  to  expect ;  only  one 
way  of  reaction  is  employed  for  all  cases ;  and  the  judgment  of  the 
subject  is  left  to  determine  just  when  he  clearly  discerns,  or  "  apper- 
ceives,"  the  object    The  time  of  apperception  is  then  found  by  sub- 
tracting the  simple  reaction-time  (or  time  necessaiy  to  announce  the 
sensation  without  discernment)  from  the  entire  reaction-time  thus 
obtained.     In  this  way  the  interval  for  apperception  was  fixed  at 
0.030  to  0.185  sec.  for  white,  in  the  case  of  Wundt,  and  0.044  to 
0.146  for  bkck  ;  in  the  case  of  Tischer,  0.046  to  0.112  sec  for  white, 
and  0.021  to  0.061  for  black  ;  and  in  the  case  of  Friedrich  himselt 
0.042  to  0.084  sec.  for  white,  and  0.019  to  0.064  for  black.   The  mean 
duration  of  apperception,  as  derived  from  all  the  experiments  with 
two  color-sensations,  was  0.086  sec.  for  W.,  0.047  for  T.,  0.050  forF. 
§  18.  The  time  require<l  for  discernment  increases,  of  course, 
when  the  other  conditions  are  kept  as  nearly  as  possible  the  sane, 
but  the  number  of  objects  is  increased  among  which  the  discern- 
ment is  required.     For  example,  Friedrich  found  that  when  four 
(instead  of  two)  colors — ^black,  white,  green,  and  red — were  inte^ 
changed  in  an  unknown  order,  both  the  reaction-time  as  a  whole 
and  the  duration  of  apperception  were  increased.     The  latter  for 
black  as  one  of  four  colors  was,  when  averaged  for  several  series  of 
experiments,  0.081  to  0.141  in  Wundt's  case,  0.021  to  0.105  in  Tiach- 
er's,  0.076  to  0.197  in  his  own.     With  red  as  one  of  four  colors  the 
duration  of  apperception  was  0.049  to  0.247  for  W.,  0.024  to  0.124  for 
T.,  and  0.066  to  0.234  for  F    Experiments  were  also  instituted  with 
a  ^'iew  to  determine  how  long  it  takes  to  discern  composite  percep- 
tions of  sight'     For  this  purpose  printed  figures  of  6  nun.  high 
and  3.8  mm.  broad  were  employed,  ranging  from  one  to  six  places— 
the  reaction  being  in  the  form  of  calling  the  number  constituted  bj 
the  figures  as  arranged  when  dispbiyed.     The  mean  time  required 
for  apperception  by  the  three  subjects  of  experiment  is  shown  by 
the  following  table :  [The  figures  at  the  head  of  the  columns  indi- 
cate the  number  of  places  which  the  nxmibers  had  in  the  difTerent 
seiics  of  experiments ;  the  letters,  the  subjects  of  experiment ;  the 
figures  under  the  head,  the  seconds  of  apperception-time.] 
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8. 

4. 
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Sec. 

0.344 
0.290 
0.330 
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0.361 
0.380 
0.346 

Sec. 

0.354 
0.493 
0.344 
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0.459 
0.709 
0.481 
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0.573 
0.849 
a670 
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1.197 

P 

1.04S 

>  Wandt*8  PhiloBoph.  Stadien,  I.,  heft  L,  p.  58  f. 
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It  will  be  notioed  that  the  reaction- time  for  numbers  of  three 
places  is  not  much  greater  than  that  for  numbers  of  one  place ;  but 
when  the  complexity  is  increased  to  four  places,  the  reaction-time 
is  suddenly  and  largely  increased.  This  fact  is  probably  due  in 
part  to  the  habit  of  gitisping  numbers  mentally  in  periods  of  three 
places  eaclu  It  is  not  certain,  however,  that  the  apperception-time 
as  calculated  by  this  method  is  trustworthy  ;  for,  although  the  sub- 
ject of  experiment  reacts,  and  then  notifies  the  number  discerned, 
the  act  of  discernment  may  really  be  completed  after  the  reaction 
has  taken  place.  Moreover,  a  certain  time  for  accommodating  the 
eye  must  be  allowed  ;  especially  in  the  case  of  numbers  of  five  or 
six  figures  each.  This  time,  in  the  opinion  of  one  critic,  may  be 
placed  at  0.166  to  0.186  sec.  A  more  recent  investigator'  concludes 
that  the  true  discernment-time  in  a  composite  perception  is  possibly 
so  short  as  to  occupy  only  a  few  hundredths  of  a  second.  For 
numbers  of  one  to  three  places  the  interval  between  perception  and 
apperception  is  0.016  to  0.035  sec.  This  conclusion  accords  with 
and  enforces  that  arrived  at  by  the  careful  experiments  of  von  Eries 
and  Auerbach. 

Cattell' — by  assuming  that  perception-time  and  will-time  are 
about  equal,  and  thus  dividing  into  two  parts  the  remainder  olv 
tained  by  subtracting  the  simple  reaction-time  from  the  whole  time 
including  both  discernment  and  choice — estimated  the  perception- 
time  for  hght,  of  B.  at  0.030  sec,  and  of  himself  at  0.050.  It  took 
longer,  of  course,  to  discern  between  two  colors.  Between  red  and 
blue  discernment  required  about  0.038  sec.  for  13.,  and  0.054  for  C. 
If  one  color  among  ten  was  to  be  discerned,  the  time  rose  to  0. 105 
for  B.,  and  0.117  for  C.  Tlie  time  required  to  discern  one  letter 
from  all  the  others  was  found  to  vary  somewhat  for  the  different 
letters  ;  but  the  legibility,  or  comparative  accuracy  of  the  quick 
discernment,  varied  still  more.  In  this  sense  the  letter  W  is  about 
four  times  as  **  legible  "  as  E.  The  discernment-time  for  a  simple 
picture  of  a  familiar  object  was  found  to  be  about  the  same  as  that 
for  a  color,  and  shorter  than  that  for  a  letter  or  a  word. 

§  19.  We  have  already  seen  (p.  480)  that  Donders  assigned  a 
little  less  time  (0.036  sec.)  to  the  operation  of  will  in  setting  free 
the  required  impulse  when  a  dilemma  was  presented  to  it  than  is 
required  for  discernment  between  two  objects  of  the  visual  sense. 
The  duration  of  *'  wiU-time  "  (the  third  element  of  psycho-physical 
time)  has  since  been  investigated  at  greater  length  by  Friedrich, 
Buccola^   Merkel,  and   others.     The  first  of  these  experimentei*s 

>  Tigeretedt,  in  Zeitschrift  f.  Biologie,  1883,  XIX.,  p.  42  £. 

>  See  Mind,  July,  1886. 
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determined  the  time  required  for  simple  choice  bj  finding  how 
much  the  reaction-time  is  increased  when  the  subject  of  ezperimflot 
must  decide  whether  to  react  or  not'  For  example,  let  the  senai- 
tions  of  black  and  white  follow  each  other  in  unknown  order,  it  be- 
ing imderstood  that  only  white  is  to  be  followed  by  reaction.  The 
interval  for  simple  choice  was  thus  found  by  Friedrich  to  have  t 
mean  value  of  0.152  sec  for  W.,  0.184  for  T.,  and  0.183  /or  him- 
self ;  it  lay,  therefore,  between  \  and  \  sec.  If  choice  was  re- 
quired, however,  between  the  two  hands — reaction  with  one  band 
being  the  sequence  of  the  appearance  of  one  color,  and  with  the 
other  hand  of  the  appearance  of  the  other  color — ^the  intemi 
assigned  to  this  element  of  psycho-physical  time  increased  to  0.188 
sec.  for  W.,  0.330  for  T.,  and  0.287  for  F.* 

Mcrkcl'  has  perhaps  investigated  most  thoroughly  the  time- 
relations  of  activities  of  the  will.  The  question  he  proposes  for 
answer  is  the  following :  How  long  does  it  take,  under  different 
circumstances,  to  set  free  a  voluntary  impulse  ?  He  assumes  that, 
in  all  cases  where  reaction  follows  discernment  between  two  or 
more  impressions,  some  "  will-time "  is  present,  although  the 
amount  of  this  time  may  become  so  minute  as  to  escape  detectioo. 
The  method  of  Merkel  was  suggested  by  Wundt  The  simple 
reaction-time  (li),  or  time  required  when  the  nature  of  the  stimulitf 
is  known  and  the  mode  of  reaction  fixed  the  same  for  all  casee^  is 
first  found.  The  reaction-time  required  to  discern  clearly  one  of 
two  or  more  impressions,  and  announce  the  fact  in  some  one  wey 
previously  determined  upon  (/?</),  is  next  found.  Finally,  there- 
fiction-time  is  found  for  cases  where  there  is  involved,  in  addition 
to  disceniment,  a  choice  between  one  or  more  ways  of  reacting,  or 
between  reacting  and  not  reacting  (Rdic).  The  difference  Bd—S  is 
then  held  to  give  the  "discernment-time;"  ihediSerence Bdw—Rd 
is  held  to  give  the  **  will-time."  It  is  with  the  latter  that  we  are 
now  concerned.  For  his  experiments  Merkel  used  figures  of  aboat 
13  mm.  altitude  placed  250  mm.  distant  from  the  eye.  To  dete^ 
mine  the  reaction-time,  including  discernment  {R  d),  but  not  includ- 
ing choice,  reaction  is  ordered  invariably  with  the  same  finger.  To 
determine  reaction-time,  including  choice  (R  d  \c\  reaction  is  ordered 
with  some  one  finger  of  either  hand  previously  assigned  to  eadi 
number.  Will -time  is  then  found  by  subtracting  tiie  reaction- 
time  in  the  former  case  from  that  in  the  latter  (R  dw—JR  d).    The 

'  Friedrich,  in  Wundt's  Philosoph.  Studien,  I.,  heft i.,  p.  57  1 
'  Only  a  few  experiments  of  this  kind   were  tried ;  the  numbc^rs  are  tbon 
given  by  Merkel  in  his  article. 

^  Article  in  Wundt*8  Philoeopli.  Studien,  II.,  heft  i.,  pp.  73-127. 
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reeults  showed  that  while  the  simple  reaction-time  for  the  different 
fingers  of  both  hands  does  not  differ  greatly,  the  difference  in  will- 
time  for  the  different  fingers  is  much  more  marked.  The  latter 
difference  is  greater  among  the  fingers  of  the  right  than  of  the  left 
hand.  For  ten  persons  experimented  upon,  the  mean  interval 
required  for  setting  free  a  definite  reaction,  with  a  choice  between 
two  possible  courses,  varied  from  0.024  to  0.155  sec.  This  inter- 
val increases  for  every  additional  course  possible  until,  in  case  the 
subject  of  the  experiment  is  required  to  select  one  of  his  ten  fingers 
with  which  to  react  on  receiving  an  impression  corresponding  to 
that  finger,  the  will-time  becomes  0.298  to  0.448  sec 

Very  interesting  individual  differences  in  the  speed  of  decision 
attained  under  different  conditions  of  complexity  are  brought  out 
by  MerkeFs  experiment&  This  fact  may  be  shown  by  plotting  the 
curve  of  the  will-time  of  each  individual  In  general,  it  was  found 
that  the  individual  differences  increased  as  the  complexity  of  the 
choice  required  was  increased  from  one  to  five  places,  and  that  they 
then  fell  off,  being  least  at  nine  or  ten  places.  That  is  to  say,  different 
individuals  differ  much  more  markedly  in  the  speed  with  which  they 
can  choose  one  of  two  or  five  than  one  of  nine  or  ten  different  pos- 
sible ways  of  reaction.  Merkel's  value  for  will-time  when  the  choice 
lies  between  two  courses  (R  u;=0.024  to  0.155  sec.)  may  profitably  be 
compared  with  that  given  by  Buccola  for  choice  between  motion  and 
rest  with  discernment  of  color-tone  and  locality  (0.028  sec  and  0.066 
sec.  respectively),  or  with  that  given  by  Tischer '  for  choice  between 
motion  and  rest  (for  nine  persons,  0.052  to  0.179  sec.)  or  for  choice 
between  two  symmetrical  motions  (0.033  to  0.179  sec). 

§  20.  A  careful  survey  of  the  statistics  and  discussions  furnished 
by  different  experimenters  shows  that  it  is  not  as  yet  possible  to 
analyze  with  perfect  confidence  the  different  elements  of  psycho- 
physical time.  Wundt  seems  justified  in  holding  that  will-time  is 
necessarily  involved  in  the  choice  between  motion  and  rest.  But, 
on  the  other  hand,  von  Kries  and  Auerbach  appear  to  have  reduced 
this  time  almost  or  quite  to  zero,  by  practice  and  by  arranging 
their  experiments  under  the  most  favorable  conditions.  By  elimi- 
nating will-time  they  have,  perhaps,  found  about  what  is  the  least 
possible  interval  required  for  simple  acts  of  discernment.  There  is 
other  evidence  (from  the  phenomena  of  rhythm,  etc.),  however,  to 
indicate  that  successive  acts  of  discernment  may  attain  a  higher 
rate  of  speed  than  is  possible  for  successive  acts  of  will 

§  21.  Investigation  has  also  been  directed  toward  determining 
how  far  series  of  events  in  consciousness  correspond,  as  regards 
1  See  Wundt's  Philosoph.  Studien,  I.,  heft  iv.,  p.  533  t 
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time,  to  the  series  of  excitations  which  occasion  UienL  Sometliiiig 
may  thus  be  accomplished  toward  fixing  the  time-rate  of  oonackxit- 
ness,  as  well  as  the  interral  which  it  is  possible  for  the  mind  to  ap- 
preciate with  the  nearest  approach  to  perfect  aocnracy.  In  all  tlie 
preceding  experiments  the  subject  of  them  is  uniformly  aware  that 
a  pause,  as  it  were,  takes  place  between  the  excitation  and  the  re- 
action ;  this  pause  he  is  able  to  estimate  with  much  accoracj,  and 
so  to  tell  whether  his  effort  to  react  promptly  has  been  more  or  Urn 
successful  Exner '  states  that  in  39  cases  of  reaction  from  ere  to 
foot,  which  had  a  mean  of  0.184  sec.,  the  reaction  was  always  f^ 
(with  a  single  exception)  to  be  '*  too  slow  "  when  it  reached  0.1991 
sec.,  and  pronounced  **  very  gootl  "  when  it  fell  below  0.1781  sec; 
its  time  was  therefore  estimated  within  about  0.01  sec.  There  is 
abundant  proof,  however,  that  the  speed  and  duration  of  our  seoai- 
tions,  as  estimated 'in  consciousness,  do  not  precisely  corre^nd 
with  the  series  of  stimulations  of  the  organ  of  sense.  Indeed, 
under  certain  circumstances  very  remarkable  errors  may  occur  in 
our  estimate  of  both  the  rate  and  the  interval  of  our  mental  acts. 

To  show  Uie  fact  and  amount  of  the  error  which  takes  place  when 
we  are  called  to  intercalate  an  excitation  of  any  kind  in  a  series  of 
impressions,  Wundt '  devised  the  following  experiment :  An  indi- 
cator is  kept  moving  at  a  uniform  rate  over  a  graduated  scale,  and 
so  situated  that  the  place  of  the  nee<Ile  can  be  clearly  seen  at  each 
instant  of  time.  The  action  of  the  same  clock  which  moves  the 
needle  causes  a  sound  at  any  moment,  but  in  such  a  way  that  tlie 
subject  of  experiment  does  not  know  when  to  expect  it.  With 
what  iK>sition  of  the  needle,  now,  will  the  sensation  of  sound  be 
combined  ?  Will  the  sound  be  heard  exactly  when  it  occurs  as 
indicated  by  the  needle  ;  or  later  than  its  real  time  ("  positive " 
lengthening) ;  or  earlier  than  its  real  time  ("  negative  **  lengthen- 
ing) ?  The  result  shows  that  one  rarely  hears  the  sound  withont 
either  ix)sitive  or  negative  displacement  of  it ;  but  most  frequenth 
the  lengthening  is  negative — that  is,  one  believes  one  hears  the 
sound  before  it  really  occurs  as  measured  by  the  indicator. 

55  22.  Vicrordt,*  after  experimenting  upon  our  power  to  repro- 
duce the  interval  as  heard  between  two  sensations  of  noise,  con- 
cluded that  very  small  intervals  are  regularly  overestimated  and 
greater  ones  underestimated.  The  minimum  of  error  in  estimating 
intervals — the  duration  that  corresponds  most  perfectly  in  our  con- 
sciousness to  the  real  duration  as  measured  by  objective  methods 

'  Hermann's Handb.  d.  Physiol.,  11.,  ii.,  p.  278  t 
*  Physiolog.  Psychologie,  ii.,  p.  264  f. 
'  D«r  ZeiUiuD.     Tiibingeu,  1868. 
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— ^he  plaoed  at  1-1.5  sec.  More  recently  (1881)  Eollert '  published 
the  results  of  experiments  instituted  with  a  Tiew  to  determine  the 
accuracy  of  our  sense  of  time.  Suppose  that  one  metronome  is 
marking  off  time,  by  the  sound  it  makes,  with  a  normal  interval 
=  1  Another  metronome  is  at  the  same  time  at  work  with  an  in- 
terval =  Sj  that  may  be  made  to  vary  with  different  experiments, 
and  that  is  set  as  either  equal  to  or  slightly  greater  or  less  than  t. 
Let  T  =  the  time  in  our  consciousness  which  is  equivalent  to  t,  and 
A  =  a  constant  representing  the  mean  error  which  is  made  in  es- 
timating the  relations  of  the  two  intervals  (t  and  3) ;  that  is,  A  = 
t  —  ^.  Let  S^  =  the  intervals  of  consciousness  just  observably 
smaller,  and  3,  =  those  just  observably  greater,  than  the  normal 
time  (t).  Then  the  following  table  shows  how  A  varies  as  t  varies; 
d,  giving  the  experiments  in  which  the  interval  of  the  variable 
metronome  was  smaller,  and  d,  those  in  which  it  was  greater,  than 
t  (^,  —  t  =  d„  and  3,  -  t  =  d,). 


t= 

d,= 

d,= 

A= 

0.4 

-0.018 

+0.090 

+0.086 

0.5 

0.044 

0.098 

0.026 

a? 

0.044 

0.055 

0.005 

0.8 

0.073 

0.060 

-0.006 

1.0 

0.107 

0.068 

0.022 

1.2 

0.206 

0.074 

0.066 

It  will  be  noticed  that,  according  to  these  results,  our  sensitive- 
ness to  minute  differences  of  time  varies  for  different  intervals  so 
that  it  is  greatest  at  0.7-0.8  sec.  (A  =  o  at  about  0.755 sec.) ;  while 
it  falls  off  quickly  for  intervals  less  than  this,  and  more  slowly  for 
intervals  longer  than  this.  Kollert  confirms  Yierordt*s  statement 
that  times  above  this  most  favorable  time  are  estimated  too  small, 
and  those  below  too  large.  He  also  concludes  that,  as  the  normal 
time  increases,  our  sensitiveness  to  minute  differences  of  diminution 
is  lessened,  while  our  sensitiveness  to  minute  differences  of  increase 
grows  greater. 

The  same  method  as  that  employed  by  Eollert  has  been  applied 
by  another  observer*  to  intervals  longer  than  0.4^1.6  sea  Using 
intervals  of  1.8-8.0  sec.  for  the  normal  time,  the  sensitiveness  of 
our  estimate  of  minute  differences  was  still  found  to  diminish  as 
the  normal  time  increases ;  thus  the  mean  error  of  all  the  individ- 
uals engaged  in  the  experiments  (A  m)  increased  from  0.0792- 
0.0879  sec.  for  intervals  of  1.8-2.0  sec.  to  0.6988  sec.  for  intervals 

>  Wandt*8  Pbilosoph.  Stndien,  I.,  heft  i.,  pp.  78 if. 

'  EBtel,  in  WundVs  Philosoph.  Studien,  U. ,  heft  i.,  pp.  87  ff. 
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of  8.0  sec.^  Estel  reaches  the  concliisiQn  that  "oar  ideaa  of  tinMi 
like  our  other  sensations  and  ideas,  are  essentiaUj  conditioned  upon 
past  impressions  belonging  to  the  same  domain  of  sense ;  and  t 
short  time  makes  the  one  next  succeeding  appear  longer,  while  a 
long  time  shortens  still  more  the  succeeding  shorter  time.*  A 
more  recent  investigator  *  places  the  interval  which  can  be  repn>> 
duced  with  greatest  accuracy  at  0.58-0.87  sec. ;  but  reaches  the 
conclusion  that,  with  all  other  intervals,  an  error  is  made  whidi  is 
plus  for  those  above,  and  minus  for  those  below,  this  so-called  in- 
difference-point This  conclusion  would  seem  to  need  re-examina- 
tion, since  it  is  exactly  the  opposite  of  that  of  preceding  investi- 
gators. The  difference  in  result  may,  however,  be  due  to  difference 
in  the  metliod  of  experiment,  which  in  the  one  case  consisted  iD 
noticing  the  least  observable  difference  in  two  series  of  internds, 
and  in  the  other  consisted  in  catching,  mentally,  a  given  interral, 
retaining  and  reproducing  it 

§  23.  In  this  connection  should  be  mentioned  the  results  of  in- 
teresting ''  studies  of  rhythm  "  undertaken  by  G.  Stanley  Hall  and 
J.  Jastrow. '  These  observers  experimented  to  find  the  degree  of 
accuracy  with  which  successive  clicks  having  a  constant  inteml 
can  be  counted.  It  was  found  that  persons  most  successful  were 
able  to  count  2-4  clicks  with  perfect  accuracy,  when  the  interval  be- 
tween them  was  0.0895  sec ;  but  if  this  interval  was  diminished  to 
0.0523  sec,  they  could  not  be  sure  of  more  than  two  clicka  When 
the  number  of  clicks  was  increased  to  45,  with  the  longer  of  these 
intervals,  the  most  successful  estimates  were  42  and  43  ;  with  the 
shorter  interval,  for  the  same  actual  number,  the  best  estimate  was 
32  and  the  worst  was  17.  The  conclusion  is  thus  reached  that  '*  count- 
ing requires  a  series  of  innervations,  if  not  of  actual  muscular 
contractions,"  and  that  ''attention  discriminates  sensation  mad) 
more  rapidly  than  the  will  can  generate  impulsea"  If,  then,  the 
interval  between  the  acoustic  sensations  is  less  than  the  reduced 
reaction-interval  (or  time  necessary  for  starting  successive  impulses 
of  innervation)  between  ear  and  tongue,  some  of  the  sensations  will 
drop  out  of  consciousness  as  a  result  of  the  blending,  as  it  were, 
of  the  later  afferent  with  the  earlier  efferent  stage  of  the  complex 
procesa  The  time-sense  for  series  of  mental  phenomena  is  thfn 
different  for  different  classes  of  these  phenomeruL  The  rate  of 
sensation  may  considerably  surpass  the  rate  of  motor  impulses; 
"  we  do  not  realize  how  far  the  fastest  counting  falls  short  of  the 

>  Estel,  in  Wundt's  Philosoph.  Studien,  IL,  heft  i,  p.  48. 

*  L.  T.  Stevens,  in  Kind,  October,  18d6,  pp.  893-408. 

*  Mind,  January,  1886,  pp.  55  ff. 
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fastest  hearing."  The  same  observers  found  that  the  most  rapid 
possible  rate  of  pronouncing  the  names  of  letters  was  greater  than 
that  of  counting  them  ;  the  former  being  0.248  sec.  per  letter  for 
50  letters^  and  the  latter  0.283  sec.  The  reasons  for  this  dif- 
ference are  apparently  to  be  found  in  the  fact  that  counting  in- 
▼olyes  a  seyerer  strain  on  the  attention  and  more  complex  processes 
of  association  and  discernment  in  order  to  give  to  each  number  its 
light  name  and  place  in  a  series  of  numbers. 

§  24.  We  are  thus  led  to  consider  certain  researches  for  deter- 
mining the  reaction-time  of  yet  more  complex  mental  processes, 
such  as  involye  reproduction  of  composite  images  of  memory  and 
the  association  of  ideas.  The  mean  duration  of  association — that 
is,  "  of  the  time  which  is  required  for  the  reproduction  of  an  image 
of  memory  by  some  apperceived  presentation  of  sense  '* — has  been 
investigated  at  great  length  by  Trautscholdt '  under  the  direction 
of  Wundt.  For  purposes  of  experiment  the  following  elaborate 
classification  of  the  possible  kinds  of  association  was  adopted.  All 
associations  are  either  (L)  Kxtemal  or  indirect,  or  else  (U.)  Inter- 
nal or  direct  The  former  are  such  as  are  induced  by  the  habit 
of  perceiving  objects  together — simultaneously  or  successively — in 
space  or  time,  without  any  interior  relation  between  them  ;  the 
latter  are  such  as  imply  kinship  in  common  properties  or  other  in- 
herent relations.  External  associations  may,  then,  be  either  simul- 
taneous, as  in  the  case  of  the  parts  of  a  single  presentation  of  sense 
or  of  the  coexistence  of  independent  presentations  ;  or  they  may  be 
successive,  as  in  the  case  of  repeated  impressions  of  sound,  of  sight, 
and  of  the  other  sensea  Internal  associations  may  cither  bo  such 
as  involve  the  relation  of  ranking  one  mental  object  below  or  above 
another  in  terms  of  genus  and  species  ;  or  they  may  follow  relations 
of  co-ordination,  as  similar  or  contrasted  ;  or  they  may  follow  rela- 
tions of  dependence,  as  of  cause  and  effect,  means  and  end.  To  de- 
termine the  time  required  for  a  "  word-reaction  "  (  Wr),  the  experi- 
menter spoke  aloud  some  word  at  the  instant  that  he  pressed  down 
his  key  ;  and  the  person  reacting  indicated  the  instant  at  which  he 
apprehended  the  word.  The  time  required  for  such  reaction  was 
found  to  have  the  following  mean  value  for  the  four  {>ersons  ex- 
perimented upon  :  For  W.,  0.303  sec;  for  B.,  0.285  ;  for  H.,  0.280  ; 
and  for  T.,  0.173.*  The  time  required  for  the  discemmerit  of  a  single 
word  is  obtained  by  subtracting  from  these  numbers  the  simple 
reaction-time  {R)  for  each  individual  ( Wr—Ii).     The  result  obtained 

1  Experimentelle  Unienachangen  Qber  d.  Amociation  d.  VonitelluugeD,  iu 
Wandt's  PhUoMph.  Stadien,  I.,  heft  ii..  pp.  21^-250. 
'  Philosoph.  Stadien,  L,  h«ft  it,  p.  Zi^. 
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gave,  for  W.,  a  "  discernmeDt-time  **  of  0.107  sec. ;  for  R,  of  0.177 ;  for 
H.,  of  0. 137 ;  and  for  T. ,  of  0.057.  In  experiments  to  determine  the 
duration  of  association,  the  person  reacting  does  not  press  his  key 
until  the  instant  when  the  reproduction  of  some  idea  called  forth 
by  hearing  the  word  8i)oken  has  fully  taken  place.  For  example, 
on  hearing  the  word  "  zero  "  the  idea  of  '*  infinity  "  may  arise  in 
the  mind  ;  or  ** market-place"  as  associated  with  "market,"  "part- 
folio  '*  with  "  letter/'  eta  The  mean  reaction-time  for  such  ••• 
sociation,  both  before  and  after  subtracting  the  time  for  word- 
reaction  alone,  was  as  follows  : 


w. 


ABSooiation-reoction  {Ar) 

Association-time  {Ar—  Wr). . 


cWC. 

1.009 
0.706 


H. 


T. 


Sec. 
1.154 

0.874 


g<c. 
0.896 
0.723 


The  mean  duration  of  association  for  all  the  subjects  of  experi- 
ment (excluding  one  for  special  reasons)  is,  therefore,  placed  tt 
0.727  sec.  It  takes,  that  is  to  say,  about  |  of  a  second  of  psycho- 
physical time  to  recall  a  familiar  idea  associated  with  a  word  we 
hear.  Tliis  association-time  was  most  prolonged  in  certain  cases 
where  the  result  may  bo  looked  ui)on  as  odd  and  unexpected,  or 
where  a  pause  would  seem  to  have  taken  2>lace  through  hesitation 
between  s<.*vcnil  ideas  simultaneously  suggeste<l.  For  example,  the 
association-time  which  elapsed  between  the  word  "imous''  and  the 
idea  **  God-fearing  "  was  1.132  sec;  between  "  throne  "  and  *'  king." 
1.437  ;  between  the  German  word  "  .SV*'^  "  and  "  a  person  of  this 
name,"  1.02(5;  between  "Karl  "and  "August,"  1.6C2.  The  mini- 
mum of  association-time  was  reached  with  ordinary  words  where 
the  as.sociated  idetus  were  such  as  all  individuals  are  likely  to  have  in 
common.  Thus,  from  "  gold  "  to  "  silver  "  required  only  0.402  sec.; 
from  "storm"  to  "wind,"  0.308  ;  from  "clear"  to  "dark,''  0.507; 
from  "  north  "  to  "  south,"  0.502;  from  " duty  "  to  "  right,"  0.415; ett 

g  25.  Trautscholdt  *  also  foimd — as  we  should  expect — that 
judgments  involving  subsumption,  or  the  definition  of  the  wori 
heard,  required  more  time  than  mere  association,  when  they  were 
at  all  complex.  But  when  ver}'  simple,  the  minimum  time  for  such 
judgments  was  about  that  of  association  ;  and  the  mean  value  of 
"  subsumption-time  "  (0.700)  differed  but  very  little  from  the  mean 
value  of  "association- time."  Thus  it  required  1.403  sec.  to  judge 
that  a  "  ray  "is  a  "  form  of  the  motion  of  light ;  "  2.023  to  judge 

>  Philosoph.  Studien,  L,  heft  11.,  p.  245  t 
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that  '*  lame  "  is  a  "  form  of  the  aacription  of  pnuae  ; "  and  1.899  to 
judge  that  "  art "  is  an  "  aesthetic  activity  "  of  man  ;  but  only  0.391 
sec.  to  recognize  a  "mast  "as  a'*  part  of  a  ship,"  and  0.4C9  to 
identify  ^^egg"  and  "celL" 

The  time  necessary  for  multiplying,  in  the  head,  txco  numbers  of 
one  figure  each  has  also  been  investigated  by  von  Vintschgau.' 
The  psycho-physical  processes  involved  in  this  achievement  are 
necessarily  somewhat  complex.  The  influence  of  association  must 
vary  largely,  according  to  the  number  of  times  we  have  previously 
made  the  same  or  any  very  similar  calculation.  For  eiumple,  the 
whole  process  involved  in  answering  the  question.  How  much  is 
1x1?  is  different  from  that  involved  when  the  numbers  are  8  x  1*2 ; 
much  more  different  when  they  are  quite  unfamiliar— as,  e.g., 
76  X  89.  The  order  of  the  numbers  is  not  indifferent ;  as  a  rule, 
reaction  is  quicker  and  more  correct  when  the  smaller  number  pre- 
cedes. The  mean  reaction-time  for  multiplying  two  numljers  (1  to 
10)  was  0.211  sec  for  L.,  0.207  for  P.,  and  0*259  for  V.,  when  rei>ro- 
duction  was  with  the  finger ;  and  0.2^K)  for  L.,  0.252  for  P.,  0.248 
for  v.,  when  reproduction  was  with  the  lip.  Of  this,  0.049  for  L, 
reproducing  with  the  finger,  and  0.096  with  the  Up  ;  0.051  for  P. 
with  the  finger,  and  0.082  with  the  lip ;  and  0.098  for  V.  with  the 
finger,  and  0.087  with  the  lip — are  calculated  to  have  been  due  to 
the  cerebral  processes  involved  in  the  calculation.  As  might  be 
expected,  any  great  increase  in  the  speed  was  found  to  be  accom- 
panied by  an  increase  in  the  number  of  mistaken 

Cattell,*  after  objecting  on  good  grounds  that  the  results  of 
the  laboratorv  are  alwavs  too  artificial  and  often  iofj  incorrect  to 
"give  the  time  it  takes  a  man  to  perceive,  to  will,  and  t/j  think," 
attempted  to  do  away  with  '' involved  meth^xls  and  complicated 
apparatus,*'  and  in  simpler  fashion  determine  the  time  we  ujffjuiily 
require  to  see  and  name  an  object,  such  as  a  letter  or  a  c^jlor.  He 
concludes  that  to  see  arid  name  letters  requires  from  ^  to  ^  sec. 
for  each  letter,  and  to  see  and  name  worls  that  do  not  make  M^n- 
tences  requires  i  to  ^  sec  \\'heu  the  words  are  connected  int/i  s^rn- 
tenoes  it  requires  only  about  one-lialf  as  much  time  Uj  name  them 
— ^the  rate  at  which  one  can  read  varying  from  0.138  Uj  0.484  bee 
for  each  word,  aooording  to  one's  degree  of  familiarity  with  the 
languaga  Single  letters  can  be  named  more  rapidly  when  several 
are  in  view  at  the  same  time  :  nearly  all  persons  are  helped  by  hav- 
ing as  many  as  three,  and  most  persons  by  having  a«  many  as  four 


'  8e«  Pilrjger'i  Arehrr.  xxxril.,  pp.  127  ff. 

«  Se«  Mind,  Jasuaxy,  IbM.  p.  <»  f.    ai^d  ^'xmdi  §  FLiJoM;i;li.  feiadUrn,  IL 
hett  iv.,  ppi  035  & 
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or  five,  letters  in  yiew  at  the  aame  tima  That  is  to  saj  (using 
Wuudt's  figure  of  speech),  the  time  of  perception,  or  field  of  con- 
sciousness, covers  the  time  of  apperception,  or  clear  spot  of  con- 
sciousness ;  while  one  presentation  of  sense  is  at  the  focus  of 
consciousness,  several  others  may  be  coming  toward  the  focus 
from  the  background  of  consciousness.  The  second  letter  in  view 
shortens  the  time  of  apperception  about  ^;  the  third,  ^;  the  foorth, 
p^5  ;  the  fifth,  ji^-  sec. 

§  26.  Finally,  the  closing  remark  of  the  foregoing  paragxBph  in- 
troduces the  inquiry  into  the  "circuit  of  consciousness** — that  is, 
the  number  of  impressions  which  can  exist  within  the  field  of  con- 
scious perception  at  any  one  time  ?  This  question  has  been  much 
debated  on  abstract  or  metaphysical  grounds  touching  the  nature 
of  the  soul.  Since  the  soul  is  one  and  simple — it  has  been  claimed— 
there  can  be  before  it  but  one  object  at  the  same  instant  of  time ; 
but  since  all  its  knowledge  is  relative,  the  claim  has  also  been 
made  that  at  least  two  impressions  are  always  contemporaneoos  in 
consciousness.  Hamilton,'  on  the  contrary*,  concluded,  from  ob- 
serving his  own  mental  activities,  that  the  circuit  of  consciousDesB 
could  embrace  as  many  as  six  or  seven  distinct  simultaneous  im- 
pressions. It  is  evident  that  only  an  appeal  to  facta  can  decide 
such  a  dispute  ;  it  is  also  evident  that  the  manner  of  appeal  should 
be  more  precise  and  scientific  than  the  one  proposeil  by  Hamilton. 

Experiments  have  therefore  been  instituted  to  determine  the 
**  circuit  of  consciousness,"  by  finding  how  many  regularly  recurrent 
successive  impressions  of  sound,  for  example,  can  be  so  far  united 
into  one  mental  imago  as  to  have  their  Ukeness  or  unlikeness  to 
another  similar  series  clearly  discerned.  The  method  of  experi- 
ment employed  by  Dietze '  was  the  following  :  The  stroke  of  a  pen- 
dulum, heard  at  regular  intervals,  was  employed  as  the  stimulosi 
After  a  single  stroke  as  a  warning,  a  series  of  successive  strokes 
was  given,  which  was  begun  and  ended  by  the  sounding  of  a  dock- 
bell  simultaneously  with  a  stroke  of  the  pendulum.  Another  series 
of  strokes  of  the  pendulum  followed  immediately  upon  the  sound 
which  announced  that  the  first  series  was  closed.  The  second  se- 
ries was  ended  by  simply  stopping  the  pendulum.  A  fixed  number 
of  strokes  constituted  the  first  series ;  a  variable  number  (either  one 
more  or  one  less  than  the  first  series)  constituted  the  second.  The 
question  proposed  for  answer  was  :  How  many  impressions  of  sound 
can  be  received  in  the  first  series  and  the  relation  of  the  second 
series  to  the  first  (as  equal,  greater,  or  less)  be  accurately  discerned 

'  Lectures  on  Metaphysics,  p.  165.  f . ,  and  elsewhere.     Boeton,  1800. 
'  Article  in  Philosoph.,  Studien,  XL,  heft  iii.,  pp.  86d  fE. 
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without  counting?  The  effect  upon  the  subject  of  such  an  experi- 
ment may  be  described  as  that  of  sending  through  the  focus  of  con- 
sciousness a  train  of  impressions,  in  regular  succession,  from  the 
obscure  regions  of  perception  at  which  they  enter  to  the  obscure 
regions  at  which  they  depart  from  the  field  of  consciousness.  An 
image  of  the  whole  field  of  consciousness,  with  the  line  of  march  of 
the  impressions,  must  be  formed  in  order  accurately  to  compare  two 
series  like  those  described.  The  result  of  such  experiments  showed 
that  the  number  of  successive  impressions  which  can  be  comprised 
within  the  circuit  of  consciousness  depends  upon  the  rate  with 
which  they  succeed  each  other.  The  most  favorable  interval  was 
found  to  be  0.2-0.3  sec  ;  with  this  interval  most  of  the  subjects  of 
experiment  attained  a  high  degree  of  accuracy  for  even  as  many  as 
ten  or  twelve  impressions'  Individual  differences  were  marked, 
however;  thus,  for  one  subject,  the  time  of  0.21  sec.  interval  was 
too  great  for  the  maximum  of  accuracy,  and  2.0  sec.  was  so  lai-ge 
aa  to  prevent  his  having  any  satisfactory  apperception  of  even  a 
single  .impression.  The  manner  of  uniting  the  impressions  was 
also  found  to  have  a  great  effect  upon  the  circuit  of  consciousness. 
When  the  process  of  apprehension  was  allowed  to  have  a  rhythmic 
form  of  grouping  the  impressions,  the  number  possible  in  a  single 
field  of  consciousness  was  increased.  Without  grouping,  16  was 
the  maximum  even  number,  15  the  maximum  odd  number,  at- 
tained. Rhythmic  grouping  raised  this  number  to  40,  or  a  little 
more,  as  the  maximum  even  number,  and  to  35,  37,  and  39  as  the 
maximum  odd  numbers.  It  is  possible,  then,  to  apprehend  a  larger 
even  number  than  odd  number  of  impressions  in  a  single  circuit 
of  consciousness.  Certain  numbers,  perhaps  those  most  familiarly 
grouped  in  experience,  seem  also  to  have  the  preference  over 
others. 

§  27.  In  all  experiments  to  determine  the  time-relations  of  mental 
phenomena,  the  effects  of  practice  and  attention  in  diminishing 
psycho-physical  time,  and  oi  fatigue  to  increase  it,  are  made  ap- 
parent Certain  special  experiments  have  also  been  instituted  to 
show  how  illness,  old  age,  and  drugs  operate  upon  the  speed  of 
psycho-physical  time.  Thus  Merkel*  found  that  the  will-time  ne- 
cessary for  choice  between  two  motions  was  reduced  by  practice,  for 
three  subjects  of  experiment,  from  0.080  sec.  to  0.050,  from  0.097 
to  0.0535,  and  from  0.098  to  0.062,  respectively.    For  choice  among 

1  See  Dietxe*8  Btatement^  Philosoph.  Studien,  III.,  heft  iii.,  p.  886,  and  a 
note,  p.  884,  correctiDg  the  erronous  conolusion  drawn  by  M.  Ribot  (Qerman 
Psychology  of  To-day,  p.  278,  New  York,  1886). 

«  Wandt'8  PhUoioph.  Stadien,  II.,  heft  i.,  p.  110  f. 
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five  and  ten  posnible  motions,  the  effect  of  practioe  was  yei  more 
marked  :  thus,  with  five  possible  choices,  the  will-time  of  one  per- 
son was  reduced  by  practice  from  0.239  sec  to  0.083  ;  and  of  an- 
other, t^-ith  ten  |>ossible  choices,  from  0.358  to  0.094     For  each 
single  day  8  series  of  experiments,  the  time  diminished  faster  at  fint 
than  subsequently ;  but,  in  many  cases,  more  distinctly  on  tlie  second 
than  on  the  first  day  of  experiment     Eries  and  Auerbach '  discor- 
ered  that,  after  a  short  time,  further  practice  has  no  influence  on  sim- 
ple reaction-time ;  but  some  practice  is  necessary  to  give  any  reliable 
value  to  such  time.     The  effect  of  practice  on  discernment-time  ii 
very  different.  In  the  experiments  upon  the  localization  of  tactile  sen- 
sations, the  discernment-time  for  A.  was  at  first  as  great  as  0.064  sec, 
or  even  0.117,  but  afterward  fell  to  a  mean  of  0.021.     Discernment- 
time  continues  to  decrease  by  practice,  after  all  diminution  of  aim- 
pie  reaction-time  has  ceased  ;  it  is  also  transferable  to  other  regions 
of  the  same  sense.     Trautscholdt  *  found  that  practice  for  fourteen 
days  reduced  the  '*  word-reaction-time  "  of  one  subject  from  0.309 
sec.  to  0.149  ;  association-time  was  found  to  be  sensitiTe  to  practice 
in  a  much  smaller  degree.    The  effect  of  attention  must  also  al- 
ways be  taken  into  account.     It  was,  apparently,  by  guarding  thii 
carefully,  and  by  practice,  that  Eries  and  Auerbach  succeeded  in 
obtaining  such  smaU  values  for  discernment-time.     The  efEeet  of 
distracting  the  attention  was  observed  by  Wundt,'  who  introduced 
disturbing  sensations  of  the  same  or  of  a  different  sense  into  series 
of  regularly  recurring  impressions.     Thus,  the  mean  reaction-time 
for  a  weak  impression  of  sound  was  lengthened  from  0.189  to  0.313 
sec,  by  a  disturbing  noise  ;  and  for  a  strong  impression  of  soimd 
from  0.158  to  0.203  sec.     The  mean  reaction-time  for  sight  of  an 
electric  spark  was  increased  from  0.222  to  0.300  by  a  disturbing 
noise  occurring  simultaneously. 

All  the  experiments  also  make  obvious  the  great  influence  of 
individual  peculiarities.  But  this  influence  may  not  be  in  the  di- 
rection in  wliich  it  would  most  readily  be  supposed  to  lie.  For 
example,  Exner  *  foimd  that,  of  two  young  men,  one  of  whom  had  a 
very  lively  temperament  and  the  other  not,  the  former  had  much  the 
longer  simple  reaction-time  (0.3311  sec.  as  compared  with  0.1337). 
The  reaction-time  of  a  man  of  seventy -seven,  taken  from  the  alms- 
house, was  at  first  0.9952  sec. ;  this  was,  however,  reduced  by  practioe 
to  0. 1866  sec.     The  enervation  produced  by  a  hot  summer's  day,  ot 

» Archiv  f.  Anat.  u.  Physiol.,  Physiolog.  Abth.,  1877,  p  861 1 

*  Wuudt*B  Philosoph.  Studien,  I.,  heft  ii,  p  287  f. 

'  Physiolog.  Psjchologie,  ii.,  p.  243. 

<  Hermauu's  Haudb.  d.  Physiol,  IL,  ii.,  p.  268. 
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the  exhaofltion  of  a  sleepless  sight,  or  had  news,  etc.,  increases  the 
reaction-time.  A  small  quantity  of  wine,  slowly  drunk,  deceased 
the  reaction-time ;  hut  a  larger  quantity  increased  it  from  0.1904 
sec.  to  0.2969,  although  the  subject  of  the  experiment  considered 
himself  to  be  reacting  more  promptly  than  usual.  Coffee  begins  to 
decrease  the  reaction*time  at  20-25  minutes  after  it  is  taken,  and 
continues  this  effect  for  about  2  hours.  Subcutaneous  injections 
of  morphine  delay '  it ;  but  this  effect  does  not  last  long  unless  the 
injection  is  repeated.  Obersteiner  found  that  a  subject  whose  re- 
action-time in  the  first  stage  of  paralysis  was  0.16G  sea,  gradually 
lost  control  of  himself  until,  in  the  last  stages  when  experiment  was 
possible,  the  interval  was  0.281-0.753.  Buccola,  who  has  experi- 
mented upon  idiots,  imbeciles,  epileptics,  etc.,  finds  that  the  dura- 
tion of  perception  is  lengthened  in  all  these  cases,  with  the  exception 
of  some  forms  of  abnormal  excitement 

§  28.  On  summing  up  the  results  of  all  the  experiments  hitherto 
made  in  psychometry,  we  can  only  reiterate  what  we  began  by  say- 
ing: Experimental  research  does  not  explain  the  origin  or  nature 
of  our  idea  of  time  and  its  relalionSj  nor  has  it  succeeded  in  estab- 
lishing many  new  principles  of  great  moment  for  psychology.  It 
is,  however,  a  vigorous  and  promising  branch  of  psycho-physical 
study.  It  has  placed  upon  a  scientific  basis,  and  defined  in  accurate 
mathematical  terms,  many  of  our  ordinary  impressions  as  to  the 
time-relations  of  mental  phenomena.  The  attempt  to  analyze  psy- 
cho-phymcal  time  seems  to  show  that  its  various  elements  of  simple 
perception,  apperception,  or  clear  discernment,  and  volition,  occur  in 
the  order  named,  and  yet  ordinarily  overlap  each  other,  as  it  were. 
Practice  and  attention,  under  the  most  favorable  circumstances,  may 
reduce  either  one  nearly  to  zero.  In  this  way,  simple  reaction-time 
becomes  most  nearly  equal  to  purely  physiological  or  reflex  time  ; 
reaction-time,  with  discernment,  is  almost  reduced  to  simple  per- 
ception-time ;  and  the  duration  required  by  will-time  for  solving  a 
dilemma  is  wellnigh  eliminated. 

Conclusions  as  to  the  existence  and  intercerebral  relations  of 
nervous  centres  of  apperception  and  volition  would  be  premature, 
and  probably  misleading,  in  the  present  state  of  this  science.  Nor 
have  we  as  lai'ge  hopes  as  to  its  abiUty  *'  to  solve  many  of  the  old 
problems "  in  the  future  as  have  been  expressed  by  some  of  its 
enthusiastic  students. 

>  See  Ton  Vintsohgan  andDietl,  in  Pflager'a  Archiv,  xvL,  pp.  316  fif ;  and 
Exner,  in  Heimann^s  Handb.  d.  PhysioL,  II.,  ii.,  p.  270  f. 
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CHAPTEE  IX. 

FEELINGS    AND    MOTIONS. 

§  1.  From  this  point  onward  the  study  of  Physiological  Psycfad- 
ogy  is  compelled  to  content  itself  with  opinions  much  more  in- 
definite and  uncertain  even  than  those  to  which  we  have  already 
become  accustomed.     Theories  of  the  localization  of  cerebral  fuBO- 
tion,  of  the  quantity  and  quality  of  sensations  and  their  combisa- 
tion  into  presentations  of  sense,  and  of  the  time-relations  of  mental 
phenomena,  admit  to  a  considerable  extent  of  experimental  testa 
But  the  feelings  and  their  physical  basis  elude  the  efforts  made  to 
subject  them  to  the  conditions  of  a  strictly  scientific  inTestigation. 
The  same  complaint  may  be  justified  concerning  all  opinions  as 
to  the  physical  basis  of  the  higher  intellectual  operations,  and  ss 
to  the  e£fect  of  age,  temperament,  sex,  and  race,  upon  the  character 
and  development  of  the  mind.     No  attempt  whatever  will  be  made 
to  conceal  the  meagre,  obscure,  and  doubtful  character  of  the  eri- 
dence  upon  which  our  conjectures  must  be  based.     Indeed,  on 
these  matters  nothing  but  the  greatest  caution  is  fitted  to  inspire 
confidence  ;  the  supreme  wisdom  is  not  infrequently  a  frank  con- 
fession of  ignoi*ance  or  uncertainty. 

About  our  **  Feelings  "  so-called — their  nature,  origin,  relation 
to  a  physical  basis  and  to  sensations  and  ideas — we  know  remark- 
ably little.     Nor  has  any  classification  of  the  feehngs  hitherto  been 
made  which  is  entitled  to  command  general  assent     The  reason 
for  this  fact  is  not  difficult  to  discover.     By  their  very  nature,  tBe 
phenomena  are  obscure,  indefinite,  and  yet  extremely  variable  and 
multiform.     They  are  also  connected  with  our  sensations  and  ideas 
in  such  a  way  as  to  make  all  separation  in  fact  quite  impossible. 
The  psychology  of  the  feelings,  as  studied  from  the  introspectire 
point  of  view,  has  therefore  always  been  peculiarly  unprodacti^ 
of  assured  results.     The  fact  that  their  physiological  conditions 
are  laid  so  largely  in  obscure,  rapid,  and  infinitely  varied  changes 
within  the  central  organs,  such  as  cannot  be  either  directly  ob- 
served or  indirectly  subjected  to  experimentation,  increases  the 
difficulties  of  the  subject     What  is  the  nature  of  feeling  ?    How  do 
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the  different  feelings  differ,  and  what  elements  have  they  in' com- 
mon ?  Under  what  conditions  do  we  have  sensuous  feelings  ;  and 
under  what  conditions  are  these  feelings  pleasant  or  unpleasant  ? 
Is  feeling  ever  perfectly  indifferent ;  is  there  a  zero-point  of  feel- 
ing ?  How  are  the  feelings  related  to  the  quality  and  intensity  of 
physical  stimuli  ?  What  is  the  physiological  basis  (if  any  exist)  of 
the  higher  sesthetic,  moral,  and  religious  feelings  ?  *  These  and 
other  similar  questions  may  be  asked  of  psycho-physical  science 
with  little  satisfactory  result 

§  2.  Many  diverse  views  have  been  held  as  to  the  essential  na- 
ture of  feeling.  These  views  may,  for  the  most  part,  however,  be 
classified  under  two  heads :  They  are  either  such  as  emphasize  the 
dependence  of  the  feelings  on  bodily  conditions,  and  so  resort  to 
physiological  explanation  of  their  origin  and  nature ;  or  else  they 
are  such  as  emphasize  their  dependence  upon  relations  that  obtain 
among  the  so-called  **  ideas,"  or  purely  mental  states  and  products 
of  the  mind.  The  extreme  form  of  one  of  these  two  theories  holds 
that  feeling  is  always  merely  a  consciousness  of  a  certain  condition 
of  the  nervous  elements.  The  extreme  form  of  the  other  leads  to 
the  position  from  which  all  feeling  is  regarded  as  a  sort  of  sec- 
ondary consciousness  of  the  "  furtherance  "  or  "  hindrance  *'  of  one 
idea  by  another.  The  principal  real  ground  for  the  former  theory 
lies  in  the  fact  that  certain  conditions  of  the  nervous  elements  under 
stimulation  are,  as  a  rule,  followed  by  painful,  and  certain  others  by 
pleasurable,  feeling.  The  latter  theory  is  based  solely  upon  the  truth 
that  certain  mental  states  called  '^  ideas  "  are,  as  a  rule,  accompanied 
or  followed  by  corresponding  modes  of  being  affected  which  have 
the  characteristic  tone  of  all  feeling — that  is,  are  either  agreeable  or 
disagreeable.  Neither  of  these  views,  however,  serves  to  define  the 
essential  natiire  of  feeling,  since  to  feel  is  as  simple  and  funda- 
mental an  operation  of  mind  as  it  is  to  know.  Feeling  can  never 
be  stated  in  terms  of  knowledge.  Inasmuch,  then,  as  all  definition 
is  only  the  expression  of  an  elaborate  and  complex  form  of  knowl- 
edge, the  nature  of  feeling  is  not  capable  of  being  defined ;  it 
must  hefelL  When,  then,  this  nature  is  defined  as  consisting  in 
some  relation  to  physical  sensation  or  to  mental  images,  it  is  de- 
prived of  the  very  characteristic  which  makes  it  to  he  feeling  rather 
than  sensation  or  idea.  Both  theories,  however,  have  succeeded  in 
stating  certain  conditions  or  antecedents  of  the  reaction  of  mind  in 
the  way  of  feeling. 

§  8.  The  foundations  for  a  physiological  theory  of  the  feelings 

'Gompu  Horwiox,  Psychologische  Analjrsen,  i.,  p.  21  t 
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were  laid  by  Lotze,'  with  that  blending  of  scientific  eantion  and  psy- 
chological insight  which  characterize  most  of  his  work.     He  distin- 
guished the  feelings,  as  mental  conditions  of  pain  or  pleasure,  from 
sensations  as  indifferent  elements  of  our  percepts  of  things.    Yet, 
iu  fact,  sensations  are  always,  or  usually,  colored  with  feeling  ;  and 
analysis  is  therefore  obliged  here  to  distinguish  in  theory  what  co- 
exists in  fact.     Feelings  are  of  two  kinds :  "  sensuous,"  as  coming 
from  bodily  impressions  ;  and  '*  intellectual,"  as  flowing  from  the 
relations  of  ideaa     Pleasurable  feeUngs  always  arise  from  the  co- 
incidence, and  painful  from  the  opposition,  between  the  effects  of 
the  stimulus  and  any  one  of  those  conditions  to  which  the  r^ular 
expression  of  the  bodily  or  spiritual  life  is  attached.     Yet  even  this 
statement  is  not  true  without  making  further  explanations  and 
limitationa     For  somcthiug  bitter  may  be  harmless,  or  even  bene- 
ficial ;  and  acetate  of  lead  may  be  sweet  and  pleasant,  but  deadly. 
More  precise!}',  then,  **  feeling  is,  in  general,  only  the  measure  of 
the  partial  and  momentary  concord  between  the  effect  of  the  stimu- 
lus and  the  conditions  of  vital  activity." '    Lotze  was  far  too  keen 
a  psychologist,  however,  to  suppose  that  in  laying  down  this  law 
he  was  explaining  the  nature  of  feeling  as  a  secondary  and  deriTeJ 
form  of  consciousness.     He  has  himself  vindicated  its  right  to  be 
regarded  as  primitive,  and  not  deducible  from  either  sensations  or 
ideas.*     But  even  in  the  way  in  which  he  understood  lus  own 
theory,  much  doubt  may  be  thrown  upon  its  truth. 

It  is  admitted  by  all  that  certain  intensities  of  nearly  all  forms  of 
stimuli  are  both  productive  of  painful  feeling  and  also  antagonistic 
to  the  vital  conditions  of  the  organism.  Undoubtedly,  also,  suffering 
is  both  an  indication  and  a  cause  of  abnormal  and  injurious  action  of 
the  nervous  mechanism.  But  that  the  feeling  of  pain  measures  the 
degree  of  this  antagonism,  or  that  everything  found  at  the  time  dis- 
agreeable is  in  any  degree  demonstrably  opposed  to  the  vital  wel- 
fare of  the  organism,  cannot  be  assumed ;  and  the  alleged  law  even 
seems  incompatible  with  the  individual  peculiarities  which  chara^ 
terize  what  is  agreeable  or  disagreeable  to  the  senses  of  different 
persons.  The  excessive  stimulus  of  the  surgeon's  knife  is  not  ren- 
dered any  more  really  in  accord  with  the  conditions  of  the  vital 
activity  of  the  organ  to  which  it  is  applied  by  the  fact  that  anas- 
thetics  prevent  the  pain  which  would  otherwise  result.  An  exces- 
sive and  immediately  injurious  stimulation  of  considerable  portions 
of  the  body  may  be  accompanied  by  a  large  amount  of  positive 

»  Medicin.  Psyohologie,  pp.  233  fip.  «  Ibid. 

'See  Metaphyaic,  p.  474,  Oxford,  1884;   and  Miorooosmos,  L  p.  1771, 
Edinburgh,  1885. 
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pleasure  or,  at  most,  with  very  little  pain,  while  a  small  and  quite 
harmless  degree  of  another  kind  of  stimulation  may  result  in  great 
discomfort  Attention,  association,  and  control  of  the  will  have 
also  much  to  do  with  determining  the  suhjective  state  which  is  con- 
nected with  any  given  relation  between  the  effect  of  the  stimulus 
ai)d  the  conditions  of  vital  activity. 

§  4.  More  recent  attempts  to  give  a  general  physiological  law  for 
the  phenomena  of  pleasurable  and  painful  feeUng  can  scarcely  be 
said  to  be  any  more  satisfactory.  It  is  true,  as  Bain  *  declares,  that 
"  a  very  considerable  number  of  the  facts  may  be  brought  under 
the  following  principle,  namely,  that  stales  of  pleasure  are  connected 
With  an  increase^  and  states  of  pain  with  an  abatementf  of  some,  or  ali, 
of  the  vital  functions."  But  other  facts  in  no  small  number  cannot 
be  brought  under  this  principle.  It  is  not  a  difficult  task  for  the 
physician  to  abate  all  the  vital  functions  of  the  patient,  even  down 
to  or  beyond  the  line  of  danger,  with  the  immediate  result  of  pro- 
ducing pleasure  rather  than  pain.  After  objecting  to  Bain's  state- 
ment as  being  "  too  vague,"  etc..  Grant  Allen "  declares  the  true 
principle  of  connection  to  be  the  following  :  "  Pleasure  is  the  con- 
comitant of  the  healthy  action  of  any  or  all  of  the  organs  or  mem- 
bers suppHed  with  afferent  cerebro-spinal  nerves,  to  an  extent  not 
exceeding  the  ordinary  powers  of  reparation  possessed  by  the  sys- 
tem." -ZEisthetic  pleasure  he  provisionally  defines  as  "  the  subjec- 
tive concomitant  of  the  normal  amoimt  of  activity,  not  directly 
connected  with  life-serving  function,  in  the  peripheral  end-organs 
of  the  cerebro-spinal  nervous  system."  '  Now,  that  pleasure  is  the 
reflex  of  healthy  and  unimpeded  activity  is  an  old  psychological 
truism  ;  and  that  we  are  dependent  upon  impulses  propagated  in 
the  sensory  nerves  of  the  cerebro-spinal  system  for  sensations, 
pleasureable  or  painful,  of  muscular,  organic,  or  more  special  sort, 
scarcely  needs  statement  as  a  newly  discovered  law  of  "  phy8iolo""i- 
cal  sesthetics."  Nothing,  however,  could  well  be  more  "vague** 
than  the  Hmit  fixed  by  the  words  **  to  an  extent  not  exceeding  the 
ordinary  powers  of  reparation  possessed  by  the  system.'*  Does  the 
man  whose  powers  of  nervous  reparation  are  extraordinarily  great 
necessarily  find  his  quinine  any  the  pleasanter?  The  statement 
that  pain  is  a  warning  of  danger  from  excessive  or  abnormal  activ- 
ity of  the  nervous  system  must,  of  course,  be  accepted  as  siunniiiig 
'up  a  large  number  of  facts;  but  there  are  other  facts  not  easily 
brought  under  such  statement    Moreover,  until  we  have  some  obj(»o- 

*  The  Senses  and  the  Intellect,  p.  281  f. 

» Physiological  ^Esthetics,  London,  1877,  p.  21. 

» Ibid.,  p.  34. 
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tive  means  of  determining  what  is  the  "  nonnal  amount "  of  fonciian 
in  any  tissue,  the  alleged  law  that  pleasure  is  "  the  subjectiTe  con- 
comitant "  of  such  amount  is  of  little  or  no  value.  The  whole  sub- 
ject is  left  in  that  indefinite  condition  which  invites  us,  on  the  one 
hand,  to  consider  pain  as  the  proof  that  the  function  of  the  nervous 
system  which  occasions  it  is  destructive  ;  and  then  tells  us,  on  the 
other  hand,  that  the  essence  of  the  pain  is  in  its  being  the  subjeo- 
""       tive  concomitant  of  such  function. 

§  5.  But  if  purely  physiological  theories  of  feeling  do  not  suc- 
ceed in  defining  its  nature,  or  in  stating  the  relation  between  the 
action  of  the  nerves  and  the  pleasureable  or  painful  tone  of  the 
feeling,  the  success  of  the  second  class  of  theories  is  no  greater. 
Of  this  class  the  views  of  Nahlowsky,'  as  set  forth  in  his  interest- 
ing monograph,  are  perhaps  the  best  example.  This  author  begins 
by  drawing  a  sharp  distinction  between  sensation  and  feeling.  The 
**  tone  '*  of  sensations  as  pleasant  or  unpleasant  he  would  not  call 
by  the  term  *' feeling  ;  "  such  tone  is  rather  that  which  gives  us 
'*  the  how  "  ('*  Wie  ")  of  the  sensation,  and  depends  for  its  pleasant^ 
or  unpleasant  character  upon  whether  the  effect  of  the  stimulus 
furthers  or  inhibits  the  functions  of  the  vegetative  life.  Even  those 
states,  of  consciousness  which  are  constituted  from  various  ele- 
ments due  to  stimulations  of  the  nerves  at  various  quarters  not  defi- 
nitely localized,  and  ordinarily  called  **  common  feeling,"  Nahlow- 
skv  would  define  as  ''  common  sensations,'*  Pain  also  is  a  sensation 
and  not  a  feeling.  But  feeUng,  according  to  this  author,  is  neither 
tone  nor  quality  of  sensation  ;  though  it  may  be  an  elevation  or  de- 
pression of  mind  produced  indirectly  by  the  sensationa  FeelingSi 
properly  characterized,  comprise  all  the  conditions  resulting  from 
the  simultaneous  existence  of  ideas  in  the  mind,  which  either  sup- 
port or  interfere  with  each  other.  In  the  former  case,  they  are 
agreeable  ;  in  the  latter,  disagreeable.  They  are,  then,  secondary 
conditions  of  mind,  dependent  on  ideas,  recognized  as  not  of  bodily 
origin,  but  as  having  a  content  of  a  mental  rather  than  physical  order. 
Hunger,  thirst,  weariness,  shivering,  etc,  are  sensations ;  sympathy 
love,  gratitude,  reverence,  admiration,  etc,  are  feelings.  According- 
ly, feeling  is  defined  as  "  the  immediate  consciousness  of  the  momen- 
tary rising  or  depression  of  one*s  own  psychical  activity  "  (that  is,  of 
the  movement  of  the  ideas).  Even  to  the  affections  this  theory  would 
deny  a  place  among  the  kinds  of  feeling — for  the  former  spring 
from  the  latter  under  the  mediating  influence  of  organic  effect& 

The  foregoing  view  of  the  nature  of  feeling  is  adhered  to  sub- 

'  Das  Oefiihlsleben,  in  seiner  wesentUchsten  Encheinnngen  a.  BesBgen, 
2d  ed.    Leipzig,  1884. 
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staniiany  bj  many  othera,  especially  by  the  foUowers  of  Herbtft. 
Thus  Drbal '  holds  that  feeliogs  are  not  primitiTe  states  of  miml. 
but  result  from  the  reciprocal  action  of  ideas — if  this  ideating  a<^ 
tivity  is  one  of  reciprocal  inhibition,  the  feeling  which  is  the  b^ 
coming  conscious  of  the  inhibition  is  unpleasant ;  if  the  activity  is 
one  of  reciprocal  combination,  the  conscious  feeling  of  this  fact  is 
pleasant  Feeling  in  general  is  therefore  the  immediate  conscious* 
ness  of  the  rising  or  falling  of  one's  power  of  ideating,  as  it  wen^ 
Beneke,'  also,  considers  that  two  mental  images  exciteil  belong  to 
every  feeling  ;  of  these,  one  is  that  which  is  felt,  and  the  otber  ia 
one  "  against "  which  the  first  is  felt.  Feeling  and  no-fceliug,  or 
this  or  that  feeling,  can  therefore  attach  itself  to  one  and  the  same 
image.  Yolkmann  von  Yolkmar,  in  his  great  work,'  considers  feeling 
as  the  consciousness  of  the  process  of  ideation  itself  as  distinguialunl 
from  consciousness  of  this  or  that  idea,  and  it  is  conditioned  \\\iox\ 
some  resistance  being  offered  to  the  procesa  Feeling  is,  then,  no 
one  proper  idea,  to  be  placed  in  conjunction  or  classed  with  othei*a 
It  is  rather  a  becoming  conscious  of  the  degree  of  tension,  as  it  wens 
which  characterizes  the  process  of  ideation  at  each  particular  mo- 
ment The  condition  of  the  origin  of  a  feeling  is,  then,  the  existence 
of  two  simultaneous  opposed  ideaa  Their  coexistence  occasions 
a  state  of  tension  ("  Spannung  "),  as  it  were,  and  this  state  gives 
way  as  one  idea  triumphs  over  the  other.  The  type  of  simple  foeU 
ing  may  be  illustrated  by  the  condition  in  which  the  mind  DndN 
itself  when  listening  to  harmonious  or  discordant  musical  sounds. 

§  6.  The  theory  which  makes  feeling  a  derived  consciousness  do- 
pendent  upon  the  relations  of  the  ideas  as  furthering  or  chocking 
each  other  is  unsatisfactory.  It  cannot  be  admitted,  to  begin  with, 
that  feeling  is  a  secondary  or  derived  form  of  consciousness.  No 
form  of  mental  activity  is  more  primitive  and  unanalyzablo  than 
feeling;  none  is  earUer  in  the  development  of  mental  life.*  l)<w 
fore  the  infant  has  localized  the  different  sensations,  and  cotnbinoil 
inem  into  percepts  of  the  different  ports  of  its  own  orgnniHtn, 
the  consciousness  of  being  affected  in  a  given  way,  eitlinr  ploiiNttr 
able  or  not,  must  predominate.  Other  forms  of  feeling— of  dimirii. 
uneasiness,  comfort,  etc — are  inseparably  connected  wiili  \\m  tliiili 
states  of  consciousness ;  they  belong  to  its  inherited  inipulNDM  nnd 

1  Lehrbnoh  d.  empirischen  Ptychologie,  2d  ed.,  pp.  200  ff.     Wltni,  INTA, 

*  Lehrbnoh  d.  Psjohologie  als  NatarfrUsenBchaft,  pp.  170  ff.     Horllii,  tH'M 
>  Lehrbnoh  d.  Ptjohologie,  II.,  pp.  298  ff. 

*  This  view  of  the  feelings  it  maintained  by  Horwioi,  and  d«¥i(lo|MMt  m  lituiitU, 
polemioally,  by  Lotze  (Horwicz,  Psjchologisohe  Anmlymni,  1.,  p,  MtN  f. ,  liuUn, 
Medicin.  Fliyohologie,  p.  285  £.;  and  references  alrea<i/  olted  tii  ii(»lu  |i   h(MI) 
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instincts,  and  aro  only  later  definitely  related  to  the  appropriate 
ideas.  The  primary  formation  of  self-conscionsness  is  quite  as 
truly  connected  with  self-feeling,  pleasurable  or  painful,  as  with 
the  process  of  ideation  in  constructing  the  concept  of  "  me  **  and 
"not-me." 

Moreover,  although  we  are  to  distinguish  sensation  from  feeling; 
we  must  regard  the  feeling  which  inseparably  accompanies  sensa- 
tion as  feeling,  strictly  speaking,  and  not  as  tone  of  sensation  ;  or, 
in  other  words,  the  tone  of  every  sensation,  as  either  pleasurable 
or  painful,  is  given  to  it  by  the  feeling  which  accompanies  and 
blends  with  it  The  sensation,  as  liaving  a  certain  quality,  quan- 
tity, and  locality,  is  capable  of  being  built  into  a  "Thing"  which 
the  mind  perceives  as  not-itsell  But  the  feeling,  the  pleasurable 
or  painful  tone  of  the  sensation,  is  always  recognized  as  purely  and 
simply  a  way  in  which  the  mind  is  affected.  To  refuse  to  speak  of 
sensations  and  emotions,  with  all  their  complicated  physical  basis, 
as  belonging  at  all  in  the  realm  of  "  feeling,"  is  to  restrict  the  use 
of  the  word  unwarrantably.  The  Herbartian  theory  commits  in 
this  matter  the  mistake  which  it  is  guilty  of  committing  repeatedly ; 
it  regards  the  "  ideas  "  as  realities  that  have  in  some  sort  a  sub- 
stantial existence,  and  can  do  something  by  way  of  furthering  or 
hindering  each  other.  But  ideas  are  themselves  nothing  more  than 
mental  products  that  exist  only  when  and  so  long  as  the  mind  acts 
with  a  definite  degree  and  kind  of  energy.  In  determining  the 
kind  and  degree  of  this  ideating  energy,  the  previous  action  and 
habit  of  the  mind  by  way  of  feeling  is  quite  as  influential  upon  the 
mode  of  feeling  as  is  the  manner  of  its  ideating  energy.  Finally, 
this  theory'  wrecks  itself  upon  the  denial  of  all  that  which  the  phys- 
iological theor}'  maintains  and  estabUshes.  The  two  theories,  then, 
supplement  and  correct  each  other  ;  but  even  when  combined  they 
only  tell  us  in  part  what  are  the  physical  and  mental  conditions 
under  which  feeling  arises. 

§  7.  The  ti*uth  appears  to  be  as  follows :  Feeling  is  an  original 
and  under  ived  form  of  consciousness,  or  mode  of  the  operation  of  con- 
scious mind.  It  can  neither  be  defined  by,  nor  deduced  from, 
sensation  or  ideation.  To  know  what  it  is  to  feel,  the  highest  in- 
telligence of  itself  would  be  incapable.  Such  knowledge  comes  only 
from  having  felt.  Feeling  accompanies  all  mental  experience,  both 
that  of  sensation  and  of  the  higher  intellectual  processes.  It  un- 
doubtedly has  a  certain  physical  basis ;  and  certain  laws  may  be 
stated  which  discover  some  of  the  relations  that  hold  good  between 
conditions  of  the  nervous  system  and  resulting  conditions  of  feel- 
ing.    Certain  other  laws  may  be  laid  down  which  partially  define 
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he  relations  exisiiiig  between  the  purely  intellectual  and  the  feei- 
ng activities,  or  reactions,  of  mind.  These  two  sets  of  laws  give 
38  the  physical  and  the  intellectual  conditions  of  different  tones 
3f  feeling  respectively.  But  no  one  law  has  yet  been  discovered 
prhich  covers  all  the  facts  of  relation,  either  between  feeling  and 
the  bodily  states  or  between  feeling  and  the  ideas.  Nor  is  it  likely 
that  any  such  law  exists  to  be  discovered.  Manifold  relations,  as 
letermined  by  heredity,  individual  peculiarities,  association,  atten- 
tion, etc.,  always  exist,  and  contribute  to  the  complex  result 

§  8.  The  various  attempts  to  establish  fixed  classes  of  the  feelings 
san  scarcely  be  pronounced  more  satisfactory  than  the  attempts 
to  define  their  nature.  Very  great  difficulties  stand  in  the  way  of 
)uch  a  classification,  of  which  the  following  are  most  important : 
rhe  phenomena  are  themselves  very  obscure,  changeable,  and  multi- 
form ;  they  are  also  inextricably  associated  with  the  phenomena  of 
sensation  and  ideation.  Moreover,  the  theory  held  by  any  inquirer 
IS  to  the  origin  and  nature  of  the  feelings  is  pretty  sure  to  deter- 
nine  his  classification  of  them.  For  example,  two  before-men- 
doned  authorities  (Nahlowsky  *  and  Drbal '),  as  a  result  of  the 
'  ideational  '*  theory,  divide  the  feelings  into  (1)  such  as  are  de- 
>endent  on  the  form  of  the  course  of  ideas,  and  (2)  such  as  are 
sonditioned  by  the  content  of  the  ideas.  Besides  these  simple 
classes  of  feelings,  one  of  these  writers  speaks  of  certain  '*  mixed 
!eelings,"  that  are  feelings  of  oscillation  and  change.  Under  the 
*  formal "  feelings,  or  such  as  are  dependent  on  the  form  of  the 
x>urse  of  representation,  the  other  writer  finds  four  classes — namely, 
[a)  feelings  of  expectation  and  impatience,  (6)  of  hope,  anxiety,  sur- 
prise, and  doubt,  (c)  of  tedium,  and  (d)  refreshment  and  work — all 
according  to  the  aspect  of  the  ideas  in  time-form.  Four  kinds  of 
''  qualitative  "  feelings  are  also  distinguished — these  are  the  intel- 
lectual, the  eesthetic,  the  moral,  and  the  religious — according  as 
the  ideas  exciting  the  feelings  refer  to  truth,  beauty,  morality,  or 
religion.  But  the  foregoing  attempts  and  all  similar  attempts  at 
classifying  the  feelings  lay  a  false  emphasis  upon  the  dependence  of 
^rtain  feelings  on  mental  representation ;  they  thus  overlook  all 
^ose  considerations  on  which  the  physiological  theories  of  feeling 
rightfully  insist 

But,  on  the  other  hand,  the  classifications  made  under  the  in- 
luence  of  the  physiological  theory  are  even  more  unsatisfactory, 
ji  their  desire  to  reduce  all  the  phenomena  of  human  feeling  under 
(ome  one  physical  '*  law,"  so  called,  they  bring  the  higher  forms  of 

1  Das  Geftthlsleben,  p.  44  f. 

*  Lehrbuch  d.  empir.  Psycliologie,  p.  205  t 
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feeling  into  a  much  closer  and  more  complete  connection  with  the 
feelings  of  sensation  than  the  facts  will  warrant  Thus,  with  Qiant 
Allen,  the  ccsthetic  feelings  are  "the  cumolative  effect  of  manj 
infinitesimal  physiological  factors,**  *  which  differ  from  the  pleasures 
and  pains  of  sensation  chiefly  in  the  fact  that  the  actirity  of  the 
end-organs  in  them  is  "  not  directly  connected  with  life-eerving 
function  ; " '  all  the  different  tastes  of  different  individuals,  thor 
varying  *' perceptions  of  beauty  and  ugliness,'*  are  then  bddly 
stated  to  be  "  depending  on  the  structural  variations  oi  the  nenooi 
system.** 

Horwicz*s  more  profound  theory  as  to  the  nature  of  feeling  lesdf 
him  to  a  more  satisfactory  classification  of  its  forma  The  variety 
of  feeling,  be  holds,  is  dependent  on  the  natural  organic  variety  in 
the  activities  of  the  souL'  Thus  we  derive  (1)  the  sensuous  ieeliagB, 
or  such  as  depend  on  the  different  qualities  of  the  sensations  of  the 
special  senses  and  of  common  feeling ;  (2)  the  assihetic  feelings^  or 
those  agreeable  or  disagreeable  forms  of  consciousness  which  cor- 
respond to  the  mental  images  of  perception  and  imagination ;  (3) 
the  inteUectual  feelings,  which  correspond  to  the  theoretic  interests 
called  out  by  the  higher  forms  of  thinking  ;  (4)  the  moral  feelings, 
or  those  which  correspond  to  the  relations  of  desire  and  wilL  Ibe 
development  of  these  feelings  in  varying  relations  to  each  other 
gives  rise  to  various  mixed  or  complex  forma  Certain  moods  and 
characteristic  affections  result  from  the  combined  tone,  color,  and 
rbytlini,  of  the  simple  feelings,  and  the  strength  with  which  the 
physical  organism  reacta  Higher  feelings,  or  "  feelings  of  feel- 
ings,*' unfold  themselves  ;  these  are  dependent  upon  the  complex 
relations  of  society  as  organized  in  its  several  existing  forma 

A  recent  writer  in  Mind,*  after  criticising  all  previous  attempts 
at  classification  of  the  feelings,  proposes  an  exceedingly  elaborate 
substitute  for  them  all ;  but  this  substitute  is  so  burdened  with 
uncouth  terminology,  is  founded  on  so  many  false  or  doubtful  psj- 
chological  assumptions,  and  involves  so  many  artificial  distinctions 
and  cross  divisions,  that  it  is  little  likely  to  meet  with  general  ac- 
ceptance. 

§  9.  Another  and  insuperable  difficulty  in  the  way  of  a  strict 
classification  of  the  feelings  is  the  fact  that  they  are  actually,  and 
as  |)eculiar  conditions  of  consciousness,  unclassifiable.  In  other 
words,  no  principle  of  classification  can  be  suggested  which  wiH 
undeniably  apply  to  them  all     For  example,  if  we  classify  them 

»  Physiological  ^Esthetics,  p.  42.  *  Ibid.,  p.  84. 

*  PsychologiHche  AnaljeeD,  it,  p.  82  f. 

*  Mercier,  July  aud  October,  1884,  and  Janoary,  1865. 
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into  pleasurable  or  painful,  we  indicate  in  this  way  only  a  quality 
of  tone  wliich  itself  constantly  varies  in  dependence  on  more  per- 
manent characteri8tic&  Besides,  it  is  not  easy  to  demonstrate  that 
feelings  are  never  indifferent  (neither  agreeable  or  disagreeable)  in 
tone.  If  we  classify  according  to  the  anatomical  part  or  phys- 
iological function  of  the  nervous  system  which  chiefly  gives  con- 
ditions to  the  feelings,  we  can  carry  our  classification  only  a  little 
way  without  resorting  to  unwarrantable  assumptions.  Indeed, 
there  are  grounds  for  supposing  that  the  feelings  are  of  central 
origin — that  is,  have  their  physiological  basis  in  those  regions  of 
the  nervous  system  that  have  thus  far  almost  wholly  eluded  sci- 
entific research.  If  we  classify  according  to  the  relation  of  each 
feeling  to  other  activities  of  the  soul  (as  Horwicz  docs),  we  en- 
counter the  facts  that  sense,  will,  and  intellect,  doubtless  all  cuter 
into  all  the  activities  connected  with  our  develo^^ed  feeUng ;  but 
that  the  measure  of  the  degree  in  which  they  are  influential  upon 
feeling  is  so  uncertain  and  changeable  as  to  render  it  unfit  to  serve 
as  a  basis  for  classification. 

No  hard  and  fixed  line  can  be  drawn  about  the  different  so-called 
classes  of  feelinga  Feeling,  with  its  color-tone  of  pain  or  pleasure, 
enters  into  all  conscious  life.  The  aesthetic  feelings  caimot  be 
separated  from  the  sensuous ;  for  example,  the  feeling  which 
accompanies  the  sensation  of  a  musical  chord,  or  of  the  color  pur- 
ple, may  be  classed  imder  either  head.  Nor  can  the  intellectual 
feelings  be  separated  from  the  aesthetic  ;  the  i)erccption  of  harmony 
of  colors  and  sound  is  inseparably  connected  with  testhetic  tind 
sensuous  feeUng,  and  the  latter  is  intensified  or  otherwise  modified 
nnder  the  intellectual  laws  of  contrast,  change,  habit,  and  higher 
association.  Even  the  feelings  which  we  call  ''  moral,"  on  account 
of  their  connection  with  will  and  desire,  often  have  an  indefinite 
part  of  them  so  combined  with  feelings  located  in  the  bodily 
organism,  or  so  dependent  on  its  functions  for  their  quantity  and 
quality,  that  a  strict  separation  becomes  impossible.  Love  is 
seldom  or  never  so  purely  ideal  as  not  plainly  to  involve  in  itself 
feeling  of  sensuous  and  aesthetic  sort ;  hate  not  mixed  with  anger, 
and  so  supported  on  some  elements  of  that  physical  basis  which 
underlies  the  latter,  is  hard  to  discover  in  real  life.  All  psycho- 
logical analysis  that  would  extend  to  the  point  of  establishing  fixed 
classes  of  the  psychical  activities  is  difficult ;  but  in  the  special 
case  of  the  feelings,  the  character  of  experience  is  such  as  to  make 
strict  classification  impossible. 

Accordingly,  in  treating  of  the  feelings  from  the  physiological 
point  of  view  we  shall  content  ourselves  with  selecting  certain  ex- 
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amples  from  tho  current  classes  which  admit  of  being  thus  treated 
most  succcssf iiUv.  Such  are,  obyiouslj,  the  so-called  sensaous  fed- 
ings,  the  so-caUed  common  feeling,  certain  cesthetic  feelings,  certain 
of  the  feelings  known  as  emotions  or  affections,  and  certain  feelings 
connected  Avith  the  functions  of  will — especially  the  feeling  of  efibri 

§  10.  All  feelings  are  characterized  by  tone,  strength,  rhythm, 
and  content.  *  Their  content  is  determined  by  the  ideating  activity 
with  which  they  are  directly  connected,  or  to  which  they  are  rehfc- 
ed  ;  and  this  content  may  be  simple,  as  is  the  case  with  the  feeling 
connected  with  the  presentation  of  a  colored  surface  (for  example, 
purple  or  green),  or  complex,  as  is  the  case  with  the  sentiments  of 
patriotism,  loyalty,  and  religious  devotion. 

Feelings,  like  all  other  mental  phenomena,  occur  under  tme- 
form  :  they  are,  in  general,  rhythmic  in  character,  and  change  in  re- 
spect to  content,  tone,  and  intensity,  with  a  movement  marked  more 
or  less  distinctly  by  the  quality  of  periodicity.  Their  rhiiluD, 
with  respect  to  content,  is,  of  course,  determined  by  the  recin^ 
rence  of  changes  in  the  ideating  activity  as  dependent  espedsllj 
upon  attention  and  the  laws  of  association.  Feelings  of  sadness  or 
joy,  comfort  or  discomfort,  may  come  around  again  in  conscions- 
iiess,  AS  it  were,  according  to  the  rhythmic  movement  of  the  sensa* 
tions  wbicli  occasion  them.  Sometimes  an  alternation  of  tone  takes 
yilace,  which  carries  the  mind  back  and  forth  by  the  point  of  indif- 
ference (or  hypothetical  zero-point  of  feehng)  between  agreeaUs 
and  disagreeable  sensations,  or  ideas  of  the  same  kind.  Thus  we 
are  sometimes  forced  to  say  that  we  do  not  know  whether  a  oeitsin 
combination  of  colors,  or  quality  of  taste  or  smell,  is  pleasing  to  as 
or  not ;  in  such  a  case  feeling  seems  to  move  rhytlm[iically  back  and 
forth  between  a  slightly  pronounced  tone  of  pleasure  and  a  slightlr 
pronounced  tone  of  pain. 

The  intrnsiti/,  too,  of  feelings  rises  and  falls  alternately  in  de- 
pendence upon  the  rhythmic  movement  of  the  nervous  processes 
and  of  the  train  of  ideas.  No  feeling  is  kept  at  a  long  continn- 
ous  level  with  respect  to  its  vigor  and  pitch  of  strength  The 
law  (>f  (juickly  alternating  exhaustion  and  repair  of  the  nerrotis 
elements  underlies,  to  a  large  extent,  this  rhythmic  movement  of 
the  intensity  of  the  feelings.  This  is  one  of  many  proofs  which  go 
to  show  that  tho  conditions  of  the  end-organs  and  of  the  centrd 
organs  (comp.  p.  108  f .)  are  determinative  of  the  tone  and  strength 
of  feeling.  Even  when  we  are  strictly  attending  to  our  painful 
feeling,  the  toothache  is  not  a  perfectly  uniform  and  steady  strain ; 
even  when  we  are  doing  our  best  to  abstract  attention  from  the 
'  Comp.  Volkmann  von  Volkmar,  Lehrb.  d.  Psychologie,  II.,  p.  311 1 
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pain,  we  succeed  only  intermittently.  But  the  course  of  the  ideas 
must  also  be  taken  into  account  as  influencing  the  rhythm  of  feel- 
ing. As  our  sensations  or  mental  images  become  more  clear  and 
Tivid,  the  feelings  attached  to  them  gather  strength  ;  as  the  former 
become  more  obscure  and  feeble,  the  feeUugs  also  die  awny  in 
consciousness. 

§  11.  The  tone  of  all  feeling  is  either  one  of  pleasure  or  of  pain 
(using  these  words  in  their  widest  possible  meaning).  Tlic  fooling  of 
pleasure  and  pain  is  probably  the  most  general,  most  simplo.  and 
earliest  psychical  process.  That  almost  all  feelings  are  chanu^tx'rizod 
by  some  positive  tone — or,  in  other  words,  are  not  absolutoly  in- 
different to  us — there  can  bo  no  question.  Is  it  agreeable  or  dis- 
agreeable, at  least  in  some  slight  degree  and  in  some  nioro  or  loss 
indefinite  manner?  is  an  inquiry  which  wo  can  protty  readily  an- 
swer with  respect  to  nearly  all  our  sensations  and  idoiiH.  The 
question  has  been  debated,  however,  whether  this  iH  necessarily  true 
of  all  our  feeUngs.  Is  there  any  such  thing  as  complotoly  ** iientml'* 
feeling,  or  feeling  that  is  in  no  resj)ect  or  degree  eithor  agro(?able 
or  disagreeable  to  us  ?  Neutral  or  indifferent  foolings  wore  recog- 
nized by  Reid,  but  disputed  by  Hamilton.*  Bain  asw.Tts  it  as  un- 
doubted that "  we  may  feel,  and  yet  be  neither  ploa.sed  nor  pained," 
and  that  "almost  every  pleasurable  and  painful  sensation  and  emo- 
tion passes  through  a  stage  or  moment  of  indifference.""  Wundt* 
argues,  on  theoretical  grounds,  that  pleasure  and  pnin,  as  tones 
of  feeling  belonging  to  sensation,  are  conditions  which  may  bo 
regarded  as  on  different  sides  of  a  zero-jwint,  or  point  of  in<lif- 
ference  lying  between  them.  It  docs  not  follow,  liowovor,  that, 
because  the  mind  passes  in  time  from  feeling  of  one  ])OHitivo  tone 
(pleasure)  to  feehng  of  the  opposite  tone  (pain),  it  must,  therefore, 
at  some  instant  be  in  a  state  of  feeling  that  has  no  tone  and  lies 
between  the  two.  The  curve  plotted  to  represent  the  rise  and  fall 
of  feeling  is  a  material  line  ;  it  cannot  be  at  one  time  below,  and  at 
another  above,  the  abscissa-line,  without  at  some  single  jx^int  (the 
zero-point)  coinciding  with  it  But  it  does  not  follow  that,  bofauHo 
such  a  curve  is  a  picture  of  the  piieuomena  of  fooling  in  one  rospoct, 
it  is  so  in  all  other  respects.  The  question  whotlior  thoro  \h  any 
zero-point  to  the  tone  of  feehng  can  only  be  answered  by  an  aj)i)oal 
to  consciousness ;  and  this  answer,  like  all  othorH  givon  to  siniihir 
appeals,  is  likely  to  contain  dubious  and  conflicting  donionts.  It 
is  quite  certain  that  one  can  pass  from  a  high  state  of  pleasure  to 

>  Hamilton's  Works  of  Thomas  Reid,  p.  311.     Kdiuburiili,  lb04. 
*  The  Emotions  and  the  Will,  p.  13. 
'  Physiolog.  Psychologie,  i.,  p.  4G5  f. 
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one  of  intense  pain  without  any  interpolated  neutral  feeUng.  For 
example,  if  while  one  is  viewing  a  beautiful  landscape  one  is  stoiig 
by  hornets,  the  condition  of  quiet  massive  pleasure  may  be  converted 
into  one  of  great  physical  suffering  vntbout  any  intervening  feel- 
ing of  indifference.  We  incline,  then,  to  agree  with  Sully '  in  af- 
firming that  every  feeling  is  either  pleasurable  or  painful  in  some 
degree.  **  We  ftpply  the  name  'feelings,' "  says  Lotze,' "' exclusivdy 
to  states  of  pleasure  and  pain,  in  contrast  with  sensations  as  indif- 
ferent perceptions  of  a  certain  content.** 

§  12.  Various  questions  may  be  raised  as  to  the  phymctd  t^ppor^ 
atuft,  the  nervous  elements  and  processes,  for  pleasurable  or  pain- 
ful feeling,  which  cannot  be  answered  satisfactorily.  Are  there 
special  nen'ous  elements — whether  end-organs,  or  nerve-fibres^  or 
nerve-tracts  and  centres  in  the  central  organs — which  must  be  ex- 
cited in  order  to  give  rise  to  the  f eeUng  of  pain  ?  If  the  apparatus 
for  fcchng  is  the  same  as  that  for  the  sensations  to  which  the  fed- 
ing  gives  its  color-tone,  do  the  feeling  and  the  sensations  implf 
different  processes  in  these  siime  elements  as  the  physical  basis  on 
which  they  rest  ?  Is  not  pleasure,  rather,  the  result  of  a  normal 
and  moderate  amount  of  process  in  these  elements  ;  and  pain  the 
result  of  a  process  in  the  same  elements  whose  amount  has  been 
increased  so  as  to  be  destructive  or  injurious  to  the  tissue  involied? 
ijoizB  *  raised  these  questions,  and  answered  tliem  with  the  opinion, 
somewhat  doubtfully  expressed,  that  sensation  and  feeUng  are  doe 
to  two  forms  of  pix)cesses  in  the  same  nervous  elements,  and  that 
there  is  no  need  of  assuming  special  organs  of  feeling,  whether 
periphei*al  or  central  Probably  the  prevalent  view  hitherto  has 
been,  that  the  same  apparatus  of  end-organs,  conducting  nerve- 
tracts,  and  central  areas,  which  on  moderate  excitement  prodnoes 
the  simple  sc^fisations  of  pressure  or  of  temperature,  or  the  more 
complex  sensations  of  tickling,  shuddering,  etc,  produces  the  fed- 
iiig  of  pain  when  irritated  with  increased  intensity.  Such  a  riew 
would  apparently  have  also  to  hold  that  muscular  sensations  have 
the  same  physical  apparatus  as  do  feehngs  of  muscular  wearineee 
or  exhaustion  ;  and,  perliaps,  that  cardialgia  and  hunger  are  due  to 
modifications  of  the  action  of  the  same  nerves  of  tlie  stomach  But 
from  the  ])sychologicaI  point  of  view  it  is  as  certain  that  sensationi 
of  pressure  or  mere  temperature  are  unlike  the  feeling  of  pleasore 
produced  by  gentle  rubbing  or  by  comfortable  warmth,  or  the  pain 

*  Outlines  of  Psychology,  p.  449,  New  York,  1884 ;  and  oomp.  Volkinaim 
von  Volkmar,  Lehrb.  d.  Psyohologie,  II.,  p.  811  t 
"  Outlines  of  Psychology,  p.  73.     Boston,  1886. 
'  See  Medicin.  rsychologie,  pp.  245  ff. 
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that  comes  from  heavy  pressore  or  burning,  as  it  is  that  sensations 
of  light  are  unlike  those  of  musical  tona 

Besides  the  obvious  difference  which  the  results  of  exciting  it 
have  in  consciousness,  there  are  other  and  physiological  reasons 
for  doubting  the  complete  identity  of  the  nervous  apparatus  of 
pleasurable  and  painful  feeling  with  that  of  the  sensations  with 
which  the  feeling  is  allied.  The  facts  upon  which  Schiff  and  othera 
support  the  view  that  nervous  impulses  resulting  in  pain  travel  by 
more  oi  less  distinct  paths  along  the  spinal  cord  have  already  l>een 
stated  (Part  L,  chap.  UL,  §  32).  The  most  recent  experiments  seem 
to  show  that  the  end-organs  of  temperature,  pressure,  and  pain  are 
locally  separable  in  the  different  minute  areas  of  the  skin  (Part  II., 
chapi  IV.,  §  21  1).  Pathological  results  indicating  the  same  separa- 
tion of  the  nervous  elements  of  feeling  also  deserve  a  brief  men- 
tion. In  certain  cases  the  sensibility  of  the  skin  to  pain  is  lost  (a 
condition  called  '^analgesie  "  by  Beau,  and  **  luialgie  "  by  Lotze), 
while  its  sensibility  to  touch  is  not  weakened  or  is  even  increased. 
The  reverse  condition  also  sometimes  occurs.  '*  Aiialgic?,'*  as  o(*ca- 
sioned  by  pathological  states  of  the  spinal  cord  due  to  lcad-})oison- 
ing,  was  noticed  in  many  cases  by  Beau.  This  loss  of  sensibility  to 
pain  can  hardly  be  explained  by  any  change  in  the  acti\'ity  of  cer- 
tain end-organs cotiithoh  both  to  touch  and  to  painful  feeling.  What 
impairment  of  function  could  possibly  result  in  destroying  the  sen- 
sitiveness to  strong  mechanioEd  and  thermic  excitations,  sucli  as 
ordinarily  occasion  great  pain,  while  the  res}X)nse  by  way  of  sensa- 
tions of  touch  to  much  feebler  excitations  remiiins  undiniinislu^d? 

The  same  argument  would  appear  decisive  against  identifying,  lo- 
cally, the  central  nervous  processes  which  result  in  sensation  with 
those  which  result  in  feeling.  In  certain  stages  of  narcosis,  pnx IiuuhI 
by  ether  or  chloroform,  the  patient  is  able  to  perceive  the  slightest 
contact  with  the  skin,  but  feels  no  pain  even  when  the  same  arm  is 
treated  severely.  Moreover,  in  some  cases  of  lahea  durrnhn,  a  con- 
stant difference  seems  to  exist  in  the  time  at  which  the  s(>nsations  of 
pressure  and  the  feelings  of  pain,  simultaneously  excited  at  the  vmU 
organ,  arise  in  the  mind.  If  the  patient  is  pricked  with  a  ncMnllo, 
he  vnll  instantly  feel  the  contact,  and  the  pain  only  oiu;  to  two 
seconds  later.'  The  case  of  the  eye,  which  responds  with  s(*nsationH 
of  light  and  color  when  the  optic  nerve  is  modenitely  excitod,  and 
vdth  the  painful  feehng  of  being  bhnded  when  the  stimulus  is  in- 
creased, is  not  perfectly  clear.     For  cases  of  amaurosis  are  ou 

*  See  FuDke,  in  Hermann's  Handb.  d.  Physiol,  III.,  ii.,  p  2t)7  f  ;  nuoh 
phenomena  have  been  especiaUy  discusfled  by  Osthofr,  I)iu  VrrluiigHuiiiiiiiH  d. 
Schmenempfindong  bei  Tabes  dorsal  is,  Eriaugen,  1874. 


512  NATURE  AND  KINDS  OF  FEELING. 

record  where  the  painful  feeling  persisted  after  the  eje  had  lost  d 
power  to  distinguish  light  It  has  been  argued,  therefore,  thit 
while  the  8])eciiic  sensations  of  light  and  color  are  due  to  the  ini- 
tation  of  the  optic  nerve,  the  excitement  of  feeling  indicates  a  si- 
multaneous irritation  of  part  of  the  trigeminus. 

We  are  compelled,  then,  to  confess  that  the  localizing  ol  the 
nervous  apparatus,  and  the  nature  of  the  physiological  prooesBei 
which  form  the  physical  basis  of  painful  and  pleasurable  feeUng, 
require  further  investigation.  The  tendency  of  the  evidence,  how- 
ever, is  toward  a  theory  which  assigns  to  feeling  a  more  or  lev 
separate  mechanism  of  end-organs,  conducting  nerve-tracts,  and 
central  areas  (or  at  least  of  nervous  elements  in  the  central  areas). 
But  how  such  a  theory  will  reconcile  itself  with  the  other  familiar 
facts  which  appear,  obviously,  to  make  the  tone  of  feeling  depend 
upon  the  degree  of  intensity  which  the  nervous  processes  attain,  it 
is  impossible  to  predict 

§  13.  One  kind  of  feeling,  which  has  the  tone  of  pleasure  or  pain 
belonging  to  all  feeling,  is  undoubtedly  of  central  nervous  origin ; 
this  is  the  so-called  sensuit  communis,  or  "common  feeling.***  Such 
feeling  may  liave  more  or  less  of  content  of  one  kind  or  anothor, 
according  to  the  state  of  perception  and  ideation  with  which  it  is 
combined.  Nervous  impulses  of  indefinite  variety  and  the  moat 
manifold  peripheral  origin  are  constantly  pouring  in,  as  it  were, 
u})OD  the  cerebral  centres^-each  one  contributing  some  element  to 
the  characteristic  tone  of  consciousnesa  The  resulting  feelings  are 
modes  of  our  being  affected  which  are  not  converted  into  definite 
presentations  of  sense,  or  referred  to  a  particular  part  of  our  own 
lx>dies.  The  effect  of  changes  in  the  minute  blood-vessels  and 
other  capillaries  about  the  nerve-endings,  the  presence  of  impari- 
ties in  the  blood,  the  condition  of  the  lower  cerebral  centres,  the 
action  of  the  lieart  and  lungs  and  other  internal  organs,  and  the 
connection  of  the  sympathetic  with  the  cerebro-spinal  nervous  sys- 
tem, are  all  felt  in  this  way.  Moreover,  inasmuch  as  few  (if  anj) 
sensations  are  without  some  tone  of  feeling,  while  many  sensaticBis 
are  exceedingly  heterogeneous  in  their  elements,  and  not  dearlj 
refeiTcd  to  the  place  of  their  origin,  a  melange,  as  it  were,  of  ob- 
scure bodily  affections  is  readily  formed. 

Sensations  in  themselves  heterogeneous  may  also  be  brooglit 
into  a  tenii)orary  relation  by  the  partial  identity  of  their  source  of 
excitation,  and  of  the  nervous  connections  in  the  central  organa 
It  is  also  always  a  very  important  question,  how  the  more  obscnzv 

'  Comp.  Fuuke,  Der  Tastsinn  u.  d.  GemeiugefQhle,  in  Henoann'a  HandU  d. 
Physiol.,  lU.,  iL,  pp.  2b9  ff. 
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and  mixed  bodily  feelings  stand  related  to  the  mind's  coarse  of  idea- 
tion, to  attention,  association,  etc.  This  relation  often  determines 
whether  such  obsoore  impressions  shall  be  definitely  objectified  or 
not ;  whether  they  shaU  not  rather  run  together  in  the  dark  stream 
of  common  feeling.  Let  anyone  suspend  for  an  instant  a  train  of 
interesting  thought,  which  has  up  to  the  moment  been  interrupted 
only  by  certain  obscure  feelings  of  uneasiness,  and  such  one  will  be 
able  instantly  to  select  and  localize  in  the  cramped  chest,  or  op- 
pressed limbs,  or  tired  organs  of  special  sense,  most  of  the  sensa- 
tions whose  painful  tone  has  thus  colored  the  stream  of  common 
feeling.  Separation  from  localized  sensations  is,  then,  the  chief 
negative  characteristic  of  common  feeling.*  Under  its  different 
principal  forms  we  may  distinguish  different  total  results,  according 
to  the  general  relation  in  which  the  being  aware  merely  thai  we  are 
affected  in  an  agreeable  or  disagreeable  manner  stands  to  the  being 
aware  of  what  affects  us  in  this  manner.  Thus  we  sometimes  feel 
well  or  ill,  elevated  or  depressed,  without  ability  to  assign  these 
feelings  at  all  definitely  to  the  physical  organism,  either  as  perceived 
or  imaged,  or  to  any  reason  in  the  train  of  ideas.  At  other  times 
the  general  impression  of  being  in  the  body,  for  some  greater  or  less 
amount  of  either  weal  or  woe,  is  emphatic  ;  we  feel  ill  all  over,  or 
seem  to  enjoy  the  coursing  of  the  blood  through  every  artery  and 
vein,  as  though  mentally  present  in  the  extended  tissues. 

§  14.  According  to  Strieker,*  information  derived  from  the  pe- 
ripheral nerves  consists  of  either  sensations  or  feelings  ;  the  latter 
implies  self-reference,  which  may  be  of  two  kinds.  If  this  reference 
extends  to  the  whole  sensorium,  and  so  to  the  whole  organism,  the 
feelings  are  called  "  common  "or  "  collective  ;"  under  certain  cir- 
cumstances they  appear  as  fixing  the  mood  of  our  consciousness. 
Some  of  the  organs,  in  their  sound  condition,  have  no  organic  feel- 
ings ;  others  of  them  undoubtedly  largely  determine  the  character 
of  our  common  feeling  by  their  condition,  tension,  action,  etc.  If, 
now,  we  extend  the  sensations  of  touch  so  as  to  include  all  iho  ol>- 
scurely  localized  organic  and  muscular  sensations,  we  feel  the  neces- 
sity of  distinguishing  such  sensations  from  what  wo  have  calUul 
the  "common  feehng." 

One  characteristic  which  the  sensations  have  as  sonsationR,  strict  ly 
speaking,  concerns  the  method  of  their  excitation.  In  general,  tho 
stimulus  must  affect  the  nerves  through  the  specific  end-orguim  of 
sense,  in  order  to  give  rise  to  a  proper  sensation.  E.  H.  Wf»bor 
sought  to  prove  that,  whenever  nerves  are  irritated,  not  throuj^h  tho 

'  Comp.  Lotze,  Medicin.  Psychologie,  p.  278  f. 
'  Stndien  Aber  d.  Bewoastsein,  p.  17  f.     Wieii,  1870. 
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end-organs,  but  along  the  trunk,  the  irritation  gives  rise  to  feeHngi 
of  pain  instead  of  sensation&  One  experiment  for  this  purpose 
consisted  in  dipping  the  point  of  the  elbow  into  ice-cold  water; 
when  the  sensation  of  cold  is  at  once  located  in  the  skin,  and  the 
feeling  of  pain  arises  as  soon  as  the  stimnlus  has  penetrated  to  the 
trunk  of  the  nerve  lying  beneath.  But  other  experiences  seem  to 
show  that  tones  of  common  feeling  may  be  indirectly  excited,  which 
are  characterized  by  the  massing  of  a  great  number  of  minute  and 
obscurely  localized  sensations  of  touch.  For  example,  the  prick  d 
a  needle  is  felt  at  a  given  point  as  a  circumscribed  pain.  The  tick- 
ling from  a  feather,  confined  to  a  small  surface,  may  be  regarded 
as  consisting  of  complex  sensations  of  light  pressure,  with  no  fixed 
locality  for  each  one,  but  localized  in  general  at  about  such  a  spot 
But  the  tickling  may  be  continued  until  a  general  tone  of  pamfol 
feeling  is  developed,  which  quite  overwhelms  all  localized  senn- 
tions.  These  phenomena  may  be  considered  as  agreeing  with  tlie 
other  phenomena  to  show  that  common  feeling  is  due  to  widely 
extended  and  complex  conditions  of  the  central  areas,  in  whidi 
the  results  of  a  large  number  of  separate  peripheral  stimulationfl 
may  unite  so  as  to  lose  all  their  individual  character,  although  each 
one  contributes  something  to  the  common  result. 

§  15.  There  are  feelings  so  connected  with  the  operation  of  the 
organs  of  sense  as  to  be  coHed  feelings  of  sensation.  A  certain  tone 
of  feeling  (a  third  element,  as  distinguished  from  its  specific  quaUtj 
and  intensity)  belongs  to  most  sensations  We  are  scarcely  war- 
ranted, however,  in  asserting  that  every  sensation,  as  such,  possesses 
some  tone  of  feeling.*  The  question  whether  every  sensation  has 
some  feeling  must  be  distinguished  from  the  question  whether  eierj 
feeling  is  of  either  painful  or  pleasurable  tone.  The  tone  of  the 
feeling  of  sensations  is  the  agreeable  or  disagreeable  affection  of 
consciousness  which  they  often  carry,  as  inseparably  connected  with 
them.  The  particular  tone  belonging  to  any  sensation  is,  to  a  large 
extent,  dependent  on  its  intensity.  The  laws  of  this  dependence 
have  been  ingeniously  conjectured  by  Wundt*  Sensations  of  mod- 
erate intensity — that  is,  of  intensity  below  the  point  at  which  Uie 
minimum  of  painful  feeling  begins — are  usually  pleasurable.  The 
feeling  of  pain  rises  in  intensity,  from  the  point  where  it  begins,  as 
the  intensity  of  the  stimulus  increases  The  curves  which  represent 
the  increase  of  feeling  and  the  increase  of  sensation  by  no  means 
correspond.  It  is  assumed  by  Wundt  that  the  maximum  point  of 
pleasure  lies  about  the  so-called  *' cardinal  value"  of  the  sensatioD, 

1  As  Wundt  does,  for  example,  Physiolog.  Psychologie,  i.,  p.  465. 
'  Physiolog.  Psychologie,  i. ,  p.  409  ;  comp.  p.  860. 
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or  plaoe  where  the  ■enwrfion  oeaaes  to  increase  in  simple  proportion 
to  the  stii-ength  of  the  stimnlaa  The  mmount  of  pleasurable  feeling 
is  also  dependent  on  the  element  of  time.  It  is  thought  to  reach  a 
maximum  at  about  the  point  where  the  strength  of  sensation  is  the 
most  favorable  for  accurate  discernment  of  the  objective  stimulus. 

As  to  the  dependence  of  the  tone  of  feeling  belonging  to  a  sen- 
sation upon  the  quality  of  the  latter,  it  has  been  held '  that  no  sen- 
sation is  absolately  pleasant  or  unpleasant  irrespective  of  its  in- 
tensity. Even  then,  however,  it  would  have  to  be  admitted  that 
qualitatively  different  sensations  diffsr  greatly  in  the  amount  which 
is  consistent  with  an  agreeable  tone  of  feeling.  It  is,  of  course, 
with  regard  to  the  organic  sensations,  and  the  special  sensations  of 
touch,  smell,  and  taste,  that  the  relation  between  tone  of  feeling 
and  the  quality  of  sensation  is  most  apparent  Doubtless  large  al- 
lowance must  be  made  in  all  cases  for  individual  peculiarities  of 
organism,  association,  etc.  Probably,  also,  the  disagreeable  tone  of 
feeling  which  almost  universally  attaches  itself  to  certain  qualities 
of  sensation,  however  moderate  or  unobtrusive  their  intensity,  is 
largely  explicable  on  the  principle  of  heredity.  But,  taking  matters 
as  they  stand  in  present  experience,  it  is  impossible  to  maintain 
that  the  tone  of  feeling  is  not  directly  dependent  on  the  quality  of 
sensation.  This  is  a  question  upon  which  only  consciousness  can 
pronoimce.  All  degrees  of  some  tastes  and  smells  are  disagreeable 
to  most  persons.  Bitter  is  a  distinctive  species  of  the  quality  of 
gustatory  sensations;  but  the  pleasure  which  some  persons  have 
in  greater  or  less  degrees  of  it  is,  as  a  rule,  acquired.  It  is  true 
that  some  substances,  whose  odor  in  large  quantity  is  disagreeable, 
become  tolerable,  or  even  pleasant,  when  the  smell  from  them  is 
faint  But  this  faint  smell  is  not  the  same,  but  a  distinctly  differ- 
ent quality  ;  oftentimes  it  could  not  be  immediately  recognized  as 
coming  from  the  same  substance  as  that  which  emitted  the  strong 
odor.  Discordant  sounds  are,  in  all  degrees  of  intensity,  naturally 
unpleasant ;  and  so  most  witnesses  would  pronounce  certain  com- 
plex sensations  of  the  skin  (as  of  creeping,  prickling,  etc.). 

§  16.  Characteristic  mixtures  of  feeling — some  of  them  scarcely 
describable — seem  to  be  attached  inseparably  to  different  kinds  of 
sensations.  This  is  obvious  when  we  consider  the  marked  difference 
in  the  way  we  are  affected  by  major  and  minor  chords,  by  succoh- 
sive  tones  having  different  musical  intervals  (for  example,  the  di- 
minished third,  etc.),  and  by  the  characteristic  clangs  of  diffiMi^nt. 
musical  instrument&  Writers  upon  this  part  of  musical  tluM^ry 
may  disagree  as  to  the  precise  significance  of  the  violin,  olariuol, 

>  So  Wundt,  Physiolog.  Peychologie,  L,  p.  470. 
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comet,  or  hautboy,  with  respect  to  the  tone  of  feeling  bekmging  to 
each  ;  but  they  can  scarcely  deny  the  fact  of  a  marked  difference. 
Goethe  '  called  attention  to  the  change  in  spiritual  tone,  as  it  w&e, 
which  harmonizes  with  what  the  eye  sees  when  looking  upon  the 
world  through  different-colored  glassea  Here,  again,  the  predie 
equivalent,  or  value,  in  terms  of  feeling,  which  the  different  cokn^ 
tones  possess,  may  be  a  matter  of  dispute  ;  but  the  tad  that  the 
tones  of  feeling  change  with  the  color-tones  is  beyond  diBpute. 
That  feelings  of  soberness  or  gloom  go  viith  black,  of  excitement 
with  red,  of  cheerfulness  with  light  green,  of  cool  quiet  with  dark 
blue,  of  intense  sensuous  pleasure  with  saturated  purple,  would 
probably  be  admitted  by  most  persons.  Fewer  would  agree  to  de- 
scribing the  tone  of  feeling  belonging  to  dark  yellow  or  speetnl 
orange  as  one  of  ''  suppressed  excitement,"  or  to  brown  as  one  of 
**  perfectly  neutral  mood."  * 

§  17.  The  character  of  the  disagreeable  or  painful  feeling  belong- 
ing to  different  classes  of  sensations  also  differs  with  respect  to  tbe 
nature  of  its  attachment  to  a  recognized  physical  baaia  Unbar 
monious  colors  produce  in  us  a  feeling  of  mild  dissatiBfiEUTtioo, 
which  appears  as  almost  wholly  of  a  spiritual  kind.  Discordant 
tones  cause  more  of  physical  suffering;  and  disagreeable  smelh 
or  tastes  create  a  widespread  sense  of  organic  discomfort  Pains 
in  the  skin  and  interior  organs,  however,  may  take  a  character  of 
intense  bodily  anguish,  which  is  distinctive  of  no  other  quahties  of 
sensation,  and  which  is  capable  of  submerging  all  sensation,  as  sacli, 
in  a  flood  of  painful  feeling.' 

^18.  The  tone  of  sensuous  feeling  is  also  dependent  upon  the 
total  condition  of  consciousness  as  determined  by  attention,  mental 
habit,  association  of  the  feelings  among  themselves  and  with  the 
iileas,  control  of  the  will,  etc.  Such  feeling  is,  therefore,  hurgely  a 
secondary  element  of  experience,  which  arises  through  certain  ac- 
quired effects  of  the  sensations  as  connected  with  previous  activities 
of  the  roind.  But  concerning  the  physical  basis  of  the  feelings,  in 
this  aspect  of  tlieni,  we  know  nothing  whatever ;  and  the  subject 
is  not  as  yet  one  with  which  physiological  psychology  can  success- 
fully deal. 

g  19.  The  consideration  of  the  affections  and  the  emotions^  or 
passions,  involves  at  least  three  important  particulars  :  (1)  The 
characteristic  feeling  which  distinguishes  each ;  (2)  its  relations  to 
the  train  of  ideas,  and  the  changes  induced  by  it  in  the  ideas ;  (3) 

»  FarlH^nlelire,  §  703. 

•  Comp.  Wuudt,  Phjsiolog.  Psjchologie,  i.,  p.  477. 

'  Comp.  Lotze,  Outliueii  of  Psjchologj,  p.  75  f . 
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the  relations  to  the  different  bodily  organs,  and  the  reflex  effect  of 
the  changes  in  these  organs  upon  both  the  feeUngs  and  the  ideas. 

Each  of  the  various  affections  or  passions  is  characterized  by  a 
peculiar  feeling,  whose  tone  is  either  agreeable  or  painful,  whose 
intensity  admits  of  various  degrees,  and  whose  content  is  determined 
by  the  mental  representations  to  which  it  has  become  attached. 
Each  may  be  considered  as  having  its  rise,  psychologically,  in  some 
form  of  blind,  instinctive  impulse  that  needs  to  be  connected  with 
a  mental  image  of  the  object  which  experience  has  related  to  it  as 
corresponding  to  the  impulse.  The  germ  of  the  impulse  is  the 
natural  susceptibility  of  having  desire  awakened  by  an  appropri- 
ate stimulus,  and  the  capacity  of  forming  by  experience  the  idea 
which  corresponds  to,  or  gratifies,  the  impulse.'  Impulses  may  be 
described  as  of  two  kinds — craving,  or  attraction,  and  repulsion. 
When  the  feeling,  which  as  mere  impulse  is  blind  with  respect  to 
the  object  of  gratification,  becomes  connected  in  experience  with 
appropriate  presentations  of  sense  or  mental  pictures,  the  basis  for 
an  affection  or  passion  has  been  laid.  Thus  the  germ  of  anger  and 
hate  is  found  in  that  instinctive  impulse  of  repulsion  which  is  pro- 
duced by  all  unpleasant  resistance  of  effort,  or  painful  excitement 
of  the  nervous  system.  Sudden  and  intense  irritations — as  the 
striking  of  one's  hand  against  the  table,  the  slamming  of  a  door  in 
one's  ear — tend  to  arouse  the  feeUng  of  resentment  The  affection 
of  the  child  for  the  mother  ultimately  becomes  far  more  than  the 
feeling  of  comfort  it  has  in  her  arms  or  at  her  breast ;  but  the 
former  is  cradled  and  nursed  in  the  latter.  By  varied  associations, 
impulses  of  attraction  or  of  repulsion  become  developed  into  a 
great  variety  of  affections,  emotions,  and  passions,  characteristic  of 
the  different  manifold  relations  in  which  the  sentient  soul  finds  it- 
self standing  toward  things  and  persons. 

§  20.  All  emotional  forms  of  feeling  are  accompanied  by  abrupt 
and  marked  changes  in  the  character  and  time-course  of  the  mental 
train.  Such  changes  may  be  regarded  as  standing  in  the  relation 
both  of  cause  and  of  effect  to  these  feelings.  Some  impression 
with  which  strong  feeUng  has  become  associated  is  ma^le  upon  the 
mind ;  the  result  is  a  transitory  interruption  of  the  mental  equi- 
poise. This  constitutes  in  part  the  justification  for  the  saying  that 
from  mere  feeling  to  affection  is  a  "  leap." '  As  a  rule,  the  effect  of 
any  sudden  and  surprising  impression — perception  of  some  object 
of  sense,  or  remembered  image — is  to  start  the  flow  of  emotion. 
Thus  anger,  fear,  desire,  avarice,  take  men  "  off  their  guard  ; "  the 

'  Comp.  Wnndt,  Physiolog.  Psychologie,  ii.,  p.  33  f. 
'  Comp.  Nahlowskj,  Das  GefQhlsleben,  etc.,  Eiuleitung. 
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feelings  of  such  kind  that  are  started  bj  a  giTen  mental  impreasiaii 
themselves  produce  a  confusion  of  the  mental  train.  Bat,  on  the 
other  hand,  this  very  disturbance  of  the  mental  train  is  itaelf  pro- 
ductive of  a  new  phase  of  feeling,  such  as  is  associated  with  the 
particular  ideas  that  in  confused  and  harried  throngs  rash  into 
consciousness,  as  well  as  with  the  general  state  of  consciousiiesB 
considered  as  one  of  haste  and  confusion.  The  physical  basis  of 
this  state  is  laid  in  the  extraordinary  condition  of  excitation  that 
exists  within  the  central  organs — the  ideo-  and  sensory-motor  cen- 
tres of  the  cerebral  hemisphere& 

§  21.  But  the  wonderful,  characteristic  effect  which  these  foims 
of  feeling  produce  upon  certain  of  the  vital  organs  is  the  most 
noteworthy  peculiarity  of  all  affections,  emotions,  and  passiona 
Upon  this  point  science  has  far  less  than  we  could  wish  of  infomui- 
tion  reaching  beyond  the  observations  of  ordinary  experience:  Of 
such  information,  perhaps  the  most  important  concerns  the  influ- 
ence exerted  through  many  groups  of  muscles,  from  the  centnJ 
organs,  upon  tlie  vaso-motor  system.  The  effect  of  shame,  fear,  or 
anger,  for  example,  upon  the  circulation  of  the  blood  is  matter  of 
common  remark.  But  some  grow  pale  and  others  red,  when  angiy. 
In  1854,  R.  Wagner  investigated  tiie  effect  of  fear  upon  the  heart 
of  a  rabbit  A  blow  on  the  table  near  the  animal  was  found  to 
cause  its  heart  to  stand  still  a  short  time,  and  then  resume  beating 
with  accelerated  frequency  of  stroke.  Subsequent  investigatiom 
have  made  obvious  the  general  effect  of  emotion  upon  the  curre  in- 
dicating the  blood-pressure.  The  effect  produced  upon  the  pulse 
of  a  dog  by  hearing  the  sudden  cry  of  another  dog  depends  for  its 
character  ujx)n  whether  the  vagus  nerves  are  cut  or  not ;  but  even 
after  their  severance  a  marked  effect  of  this  kind  is  still  manifest' 
The  great  influence  of  these  forms  of  feeling  upon  all  the  action  of 
the  capillary  vessels,  upon  the  secretions,  etc.,  and  upon  the  respinir 
tion  to  retard,  or  accelerate,  or  make  it  irregular,  is  of  the  same 
order.  That  care  and  anxiety  disturb  nutrition,  that  pain  and  B0^ 
row  cause  the  tears  to  flow,  that  fear  and  love  and  anger  act  upon 
the  alxlominal  organs,  is  generally  recognized.  The  effect  is  some- 
times seen  in  suddenly  inuei'vating,  and  sometimes  in  depressing, 
one  or  more  of  the  bodily  organs  ;  or  in  both  innervating  and  then 
de])rcssing  them,  in  certain  well-recognized  cases.  On  the  basis  of 
such  foetid,  Kant  suggested  a  division  of  the  affections  into  '*  sthenic'* 
and  '-  asthenic."    But  many  forms  of  feeling,  as  they  run  their 

'  This  subject  has  been  investigated  bj  Contj  and  Charpentier,  bj  Cron, 
Heidenhain,  and  others ;  comp.  Exuer,  in  Hermann's  Handb.  cL  Physiol.,  IL) 
ii.,p.289t 
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oonne,  become  by  ianiB  sthenic  and  asthenic.  Strong  emotions  or 
passions  of  all  kinds  tend  to  destroy  the  nervous  mechanism ;  "  the 
sthenic  kill  by  apoplexy,  the  asthenic  by  laming  the  heart"  *  Un- 
usual tension  or  relaxation  of  certain  groups  of  muscles  characterizes 
all  these  forms  of  feeling. 

The  marked  effisct  which  certain  feelings  have  upon  particular 
organs  of  the  body  is  complemented  by  the  fact  that  such  organic 
effect  has  in  turn  a  marked  effect  upon  the  feelings.  The  organic  dis* 
turbonces  advance  step  by  step  to  form  the  physical  basis  of  a  rising 
tide  of  emotion,  and  then  fall  off  with  equal  pace  as  the  tide  of  emo<^ 
tion  subside&  The  organic  changes  are  not  merely  an  expression 
of  ihe  mental ;  they  are  its  material  cause  and  support  Professor 
James  has  emphasized  these  facts  vnth  great  skill  and  in  an  inter- 
esting way.*  The  effect  upon  the  emotions  and  passions  of  putting 
the  muscles  or  other  organs  of  the  body  into  certain  conditions, 
which  is  so  remarkable  in  all  cases  of  hypnotism,  is  also  undoubted 
in  what  we  ordinarily  consider  normal  states  of  body  and  mind. 
**  What  kind  of  an  emotion  of  fear  would  be  left,  if  the  feelings  nei- 
ther of  quickened  heart-beats  nor  of  shallow  breathing,  neither  of 
trembling  lips  nor  of  weakened  limbs,  neither  of  goose-Besh  nor* 
of  visceral  stirrings,  were  present,  it  is  quite  impossible  to  think. ; 
Can  one  fancy  the  state  of  rage  and  picture  no  ebullition  of  it  in 
the  chest,  no  flushing  of  the  face,  no  dilatation  of  the  nostrils,  no 
clinching  of  the  teeth,  no  impulse  to  vigorous  action,  but  in  their  • 
stead  limp  muscles,  calm  breathing,  and  a  placid  face  ? "  In  view 
of  the  foregoing  facts,  Professor  James  propounds  the  thesis,  that 
the  "  bodily  changes  follow  directly  the  perception  of  the  exciting 
fact,  and  that  our  feeling  of  the  same  changes  as  they  occur  is  the 
emotion." ' 

To  neglect,  however,  that  element  of  feeling  in  every  emotion 
which  is  immediately  attached  to  certain  perceptions  and  ideas 
would  be  quite  as  faulty  as  to  neglect  the  elements  which  are  only 
reflexly  blended  with  the  complex  of  feeling  on  account  of  the  condi- 
tion into  which  the  bodily  organs  are  thrown.  The  relation  between 
perception  and  feeling  as  a  psychological  fact  is  as  certain  and  im- 
mediate as  any  relation  can  be.  What  the  physiological  basis  for 
this  connection  is  we  do  not  know  ;  but  there  is  every  reason  to 
suppose  that  it  is,  at  the  same  time,  direct  and  of  the  nature  of  re- 
ciprocal influence  between  the  nervous  elements  and  areas  of  the 

"  Wundt,  Phjaiolog.  Pgychologie,  ii.,  p.  330. 
»  Mind,  1884,  IX,,  p.  188  f. 

'  Bat  since  its  anthor  seems  scarcely  to  liave  taken  this  thesis  seriouslj,  it 
mAj  be  thooglit  snperflaoas  even  to  object  in  brief  to  it  (see  p.  205). 
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cerebral  centres ;  as  well  as  indirect^  through  disturbanees  pm^ 
duced  bj  perceptions  and  ideas  within  the  remote  bodily  orgaii& 
The  influence  of  perception  upon  the  feelings  in  the  form  of  stroi^ 
emotion  Ib  partly,  but  not  whc^y,  through  the  skin,  muscles,  Uood* 
Teasels,  organs  of  respiration,  and  Tiscera.  At  the  same  time  the 
characteristic  tone  which  strong  emotions  haTe  is  largely  colored  by 
the  sensuous  and  common  feelings  occasioned  by  the  distnrbanee 
of  the  organs.  When  even  the  feelings  called  SBsthetic,  or  intdlect- 
ual,  or  ethical  and  religious,  are  Tehemently  aroused,  an  **emfh 
iwnal "  equality  is  imparted  to  them  from  the  same  source. 

§  22.  By  mental  '*  moods  "  is  ordinarily  understood  those  coDeo- 
tive  conditions  of  the  mind  which  are  characterized  by  some  funda- 
mental tone,  but  without  any  special  feelings  accompanied  by  fAsxr 
consciousness  of  their  inducing  causes.  The  principal  elements  that 
enter  into  such  moods  consist  of  ill-localized  sensations  arising  from 
the  internal  organs— especially  due,  perhaps,  to  disturbed  or  de- 
pressed cerebral  function ' — and  a  throng  of  half-reproduced  feel- 
ings and  ideas,  or  of  vague  single  feelings,  such  as  undefined  fore- 
boding, anxiety,  fear,  etc.  Since  these  elements  belong  to  the  some- 
what permanent  equipment  of  the  mind  (at  least  until  a  marked 
and  lasting  change  in  cerebral  condition  and  the  train  of  ideas  is 
brought  about),  their  prevalent  tone  is  characteristic  of  different 
persons ;  wliereos  the  emotions  and  passions  run  their  coarse 
quickly,  and  give  a  color  to  the  personality  rather  by  the  sudden- 
ness and  frequency  Mrith  which  this  kind  or  that^  respectively,  is 
present  in  consciousnesa  But  mental  moods  also  may  be  charac- 
terized by  emotions  or  affections  of  a  low  and  lingering  tone — pale 
and  faded  8]>ecimens  of  the  type,  as  it  were. 

§  23.  Of  all  the  so-called  ''higher  feelings  "({esthetic,  intellectual, 
etliicnl,  rcligiouH),  it  is  only  certain  elementary  forms  of  festhetic 
feeling  concerning  whose  peculiar  physical  basis  we  have  any  as- 
sured information.  All  these  feelings,  however,  when  they  reach 
A  certain  degree  of  intensity,  tend  to  assume  an  emotional  character. 
Tliey  then  come  in  part  under  the  considerations  which  have  aheadj 
been  urged  as  applying  to  the  emotions  in  general  A  large  portion 
of  the  strong  feelings  of  admiration  for  scientific  objects,  discoveries, 
laws,  and  personalities,  or  of  religious  fervor,  aspiration,  and  devotion, 
or  depresniou,  is  reflex ;  it  rests  upon  the  physical  basis  of  effects  that 
arc  produced  in  the  muscles  and  rital  organs— especially  the  organs 
of  secretion,  respiration,  and  circulation.  But  these  facts  do  not 
explain  or  annul  the  other  class  of  facts,  which  leads  the  judicions 
investigator  also  to  emphasize  the  spiritual  origin  of  such  feelings 
'  Coinp.  Strieker,  Stadien  liber  d.  Bewusstsein,  p.  63. 
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considered  as  complex  reactions  of  the  mind  in  view  of  the  presence 
in  consciousness  of  certain  classes  of  ideas.  So  far  as  such  spiritual 
reactions  bj  way  of  feeling  have  any  even  conjectural  physical  basis 
peculiar  to  them,  this  basis  must  be  sought  for  in  the  central 
organs  of  the  nervous  system.  How  far  such  a  basis  really  exists, 
and  in  what  it  consists,  we  have  as  yet  scarcely  a  right  to  imagine — 
so  complete  is  our  ignorance. 

§  24.  The  esthetic  feelings  arise  and  develop  chiefly  in  connec- 
tion with  presentations  of  sense,  or  with  the  remembered  or  created 
mental  images  that  represent  objects  of  sense.  In  their  elementary 
form,  therefore,  they  plainly  have  a  physiological  side  which  admits 
of  scientific  treatment — although  they  have  received  such  treatment 
far  less  than  could  be  wished.  Many  interesting  facts  and  certain 
partial  generalizations  called  laws — having  most  application  to  the 
lower  classes  of  pleasurable  feelings  through  the  organs  of  smell, 
taste,  and  the  skin,  when  viewed  in  the  light  of  the  hypothesis  of 
evolution — are  given  in  the  work  of  Grant  Allen  on  **  Physiological 
iE^sthetics."  '  But  even  the  most  elementary  aesthetic  feelings  can- 
not be  considered  as  on  a  par  with  the  sensuous  feelings,  or  as  mere 
aggregates  of  such  f eelinga '  The  tone  of  feeling  which  characterizes 
the  sensations  furnishes  a  material,  as  it  were,  for  genuinely  sesthetic 
feeling  ;  but  the  latter  always  implies  also  the  working  of  certain  in- 
tellectual laws,  and  a  union  of  the  simple  feelings  of  sensation  imder 
time-form  and  space-form.  Esthetic  feelings,  then,  may  be  said  to 
spring  from  the  manner  of  the  combination  of  sensuous  feelings ; 
time  and  space  furnish  the  framework  in  which  they  are  arranged. 
Hearing  is  the  principal  sense  for  combining  sensuous  feelings  so 
as  to  produce  aesthetic  feelings  under  time-form,  and  sight  under 
space-form.  The  development  of  even  the  elementary  but  genuine 
cefUhetic  feelings  by  other  senses  than  the  eye  and  ear  is  extreme- 
ly limited.  The  agreeable  and  disagreeable  feelings  which  come 
through  sensations  of  smell,  taste,  and  touch  are  for  the  most  port 
sensuous,  rather  than  strictly  (esthetic. 

Hearing,  as  pre-eminently  the  time-sense,  has  two  forms  of  aes- 
thetic feehng — harmony  and  rhythm.  The  nature  of  the  complex 
sensations  which  produce  the  feeling  of  consonance  and  dissonance 
has  already  been  discussed.  Harmony  is  determined  by  the  co- 
incidence of  certain  partial  tones  belonging  to  different  clangs  si- 
multaneously sounded.  The  feeling  of  harmony  is  colored  by  the 
peculiar  way  in  which  the  combination  of  the  clangs  occure.  The 
principal  difference  of  this  sort  is  that  which  obtains  beween  major 

>  See  pp.  80  ff. 

•  On  thia  point,  see  Wundt,  Physiolog.  Psycliologie,  ii.,  p.  179  f. 
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perceived  as  firmly  held  together  by  the  fundamental  dang,  wfaik 
in  the  latter  the  coincident  overtone  performs  the  same  office  leas 
obviously.  The  one  is  productive  of  agreeable  sesthetic  feeling 
satisfied ;  the  other  of  such  feeling  left  unsatisfied — a  feeling  of 
longing.  When,  then,  the  one  form  of  feeling  becomes  very  intense^ 
it  may  involve  the  pain  of  over-excitement ;  the  other,  when  inten* 
sified,  stks  a  kind  of  agreeable  pain  of  unrest  In  musical  time  it  is 
the  periodic  nature  of  the  excitation,  with  a  change  in  the  individ- 
ual presentations  of  sense,  which  produces  the  pleasurable  aesthetic 
feeling. 

Two  or  three  regularly  recturing  impressions,  having  the  same 
or  a  different  content  of  musical  sound,  are  combined  into  a 
series ;  certain  members  among  the  whole  number  are  then  ao 
centuated,  in  order  to  form  the  different  series  that  constitute  the 
various  kinds  of  musical  time.  All  musical  time,  fundamentally 
considered  as  respects  its  rhythm,  is  either  two-time  or  three-time. 
The  difference  in  the  feelings  which  respond  to  these  two  classes  of 
musical  rhythm  is  obvious  in  a  pronounced  form,  in  the  funenl 
march,  on  the  one  hand,  and  the  waltz,  on  the  other.  In  general,  it 
is  the  harmony  of  music  which  gives  direction  to  its  feeling,  and 
the  rhythm  which  determines  the  rise  and  fall  of  feeling.  Thus 
toavea  of  different  kinds  of  feeling  are  made  by  music  to  pass  over 
tbo  souL* 

The  elementary  aesthetic  feelings  which  come  through  sight  lead 
to  the  consideration  of  the  eesthetic  effect  of  visual  form.  Such  ef- 
fect can  be  considered  only  very  imperfectly  from  the  physiological 
point  of  view.  In  one  important  particular,  however,  pleasurable 
sBsthetic  feeling  is  directly  dependent  upon  the  combination  of  the 
sensations,  with  tbeu*  accompanying  tone  of  feeling,  under  the  lam 
of  the  mechanism  of  vision  with  both  eyes  in  motion.  Beautiful 
form  is  determined  by  the  course  of  the  limiting  lines  ;  and  Hmit- 
ing  lines,  in  order  to  have  the  effect  of  arousing  agreeable  eesthetie 
feeling,  must  accommodate  themselves  to  the  physiological  and  pej- 
cho-pbysical  necessities  of  the  eye  when  in  motion.  These  neces- 
sities thus  determine  both  the  direction  and  the  extent  of  the  limit- 
ing lines.  Lines  of  slight  curvature,  not  too  far  continued  in  one 
direction,  best  comply  with  such  necessities.  Lines  of  very  sharp 
curvature,  or  lines  continued  too  long  in  one  direction,  do  not  pro- 
duce a  pleasing  sesthetic  effect.  So  also  must  the  main  lines  of  a 
building  lie  in  horizontal  or  vertical  directions,  preferably  in  the 

'  For  a  treatment  of  sestbetio  feeling  in  music,  comp.  Wondt,  Physiolog- 
Psychologie,  ii.,  pp.  180  ff. 
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former  directum.  Bat  long  oblique  lines — for  example,  from  a 
lower  right-hand  to  an  upper  left-hand  comer  of  a  building — are 
scarcely  tolerable.  The  ease  with  which  the  eye  sweeps  the  lines, 
in  order  to  make  that  synthesis  of  successive  similar  presentations 
of  sense  in  which  every  perception  of  a  line  consists,  is  plainly  a 
determining  factor  in  aU  these  cases. 

The  aesthetic  effect  of  visual  form  is  also  determined  by  the  way 
in  which  the  form  is  constructed,  through  repeating  similar  or  un- 
like simple  shapes  and  combining  them  into  a  totality.  By  this 
means  a  feeling  of  pleasure  akin  to  the  feeling  of  musical  rhythm 
is  excited  by  the  successive  impressions  which  occur  periodicaUy  as 
the  eye,  with  a  nearly  uniform  movement,  sweeps  the  entire  field. 
In  horizontal  directions,  the  law  for  the  arrangement  of  the  parts  is 
that  of  symmetry  of  the  simple  parts  ;  in  vertical,  rather  the  law 
of  asymmetry.  Certain  proportions  between  the  connected  parts, 
and  between  the  whole  and  the  parts,  are  favorable  to  the  develop- 
ment of  sesthetio  feeling.  The  rule,  that  the  whole  of  a  presentation 
of  sight  shall  be  to  the  larger  part  as  the  larger  part  is  to  the  small- 
er part,  has  been  called  "  the  golden  diameter  "  (x  +  1 :  x  :  :  x  :  1) ; 
since  the  proportion  thus  determined  has  been  supposed  to  be  par- 
ticularly favorable  to  pleasurable  aesthetic  feeling.  Ease  of  the 
mental  apprehension  with  which  the  relations  in  proportion  of  the 
different  parts  are  presented  is  favorable  to  agreeable  sesthetic  feel- 
ing. 

§  25.  But  all  the  foregoing  rules,  and  all  others  similar,  are  appli- 
cable to  the  sesthetic  feelings  of  form  rather  as  coming  under  the 
general  class  of  intellectual  feelings.  That  change  in  degree  or  kind 
of  activity,  recognition  of  similarity  or  contrast,  and  mental  appre- 
hension of  a  law  or  principle  as  expressed  in  the  presentations  of 
sense,  determine  the  agreeable  character  of  our  intellectual  feel- 
ings, is  recognized  by  psychologists  *  generally ;  but  as  to  the 
physical  basis  of  mental  facts  of  this  order  we  are  almost  completely 
ignoi'ant  It  is  not  unlikely,  however,  that  the  effects  of  monotony 
and  change  upon  the  feelings  of  an  intellectual  order  are  connected 
with  the  same  law  of  the  exhaustion  of  the  nervous  elements  as  ap- 
plied to  the  cerebral  areas  which  we  know  to  hold  good  in  other 
parts  of  the  nervous  system. 

§  26.  The  only  other  class  of  feelings  which  admit  of  considera- 
tion from  the  physiological  point  of  view  is  the  so-called  "  feelings 
of  effort,  or  of  innervation."  These  feelings  are  especially  con- 
nected with  all  the  motions  of  the  body  considered  as  furnishmg 

>  See  the  judicious  remarks  of  Sully,  Outlines  of  Psychology,  pp.  457  fP. 
New  York,  1084. 
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information  concerning  ita  position  and  the  oonditkni  of  tension  or 
strain  to  which  its  parts  are  subject ;  as  well  as  famishing,  through 
revived  mental  images  of  such  feelings,  the  means  for  reproduciiig 
voluntarily  the  required  definite  modes  of  motion*  Such  feelings 
also  have  a  great  psychological  interest  on  account  of  their  obviou 
connection  with  the  development  and  consciousness  of  acts  of  wiE 
The  dispute  as  to  whether  they  are  of  central  or  peripheral  origin, 
and  as  to  that  in  which  their  precise  nature  consists^  has  already 
been  alluded  to  (pp.  344  and  415). 

That  we  have  a  '* feeling  of  effort"  is  a  &ct^  as  says  Profeaaor 
James,'  "  consecrated  by  the  institution  of  the  word  effort,  and  its 
synonyms  exertion,  striving,  straining."  The  nervous  process  which 
occasions  this  feeling  the  great  physiologist  MoUer*  considered 
to  be  purely  central,  and  to  consist  in  the  discharge  from  a  motor 
centre  into  the  motor  nerves.  This  view  has  since  been  widely 
adopted  by  physiologists  ;  it  has  also  been  used— especially  by  Bain 
and  AVundt — as  an  essential  factor  in  a  theory  of  sense-perception, 
as  of  chief  importance  in  accounting  for  our  experience  of  solid  re- 
sisting objects  of  sense  and  of  whatever  belongs  to  the  inertia  of 
matter  in  general  On  the  contrary,  it  has  been  maintained  thai 
the  feeling  of  effort,  over  and  above  what  is  purely  "  moral"  (as  in 
the  effort  to  remember  to  make  a  decision,  etc.),  is  a  complex  of 
afferent  sensations  ''  coming  from  the  tense  muscles,  the  strained 
ligaments,  R(|ueezed  joints,  fixed  chest,  closed  glottis,  contracted 
brow,  clinched  jaws,'  etc." 

Of  the  two  views  above  mentioned,  the  latter  has  by  far  the  most 
in  its  favor.  The  argument  from  the  consciousness  of  effort  which 
wo  may  have  when  we  intensely  make  beheve  use  any  limb,  hat 
do  not  actually  move  it  (as,  for  e3uuuple,  the  pulling  of  a  trigger 
with  the  forefinger  of  an  extended  hand),  has  been  answered  hj 
Ferrier.*  Tliia  observer  calls  attention  to  the  fact  that  the  feeling 
of  effort  in  such  cases  is  due  to  keeping  the  glottis  tightly  closed, 
and  actively  contracting  the  respiratory  muscles.  If  we  try,  how- 
ever, to  make  believe  exert  ourselves  without  actuallv  contract- 
ing  the  muscles  of  the  limbs,  and  at  the  same  time  keep  breathing 
re(fnlarhj,  we  sbtill  riot  experience  the  slightest  trace  of  the  feeling 
of  effort,  no  matter  how  hard  we  try.  This  feeling,  then,  when  the 
glottis  is  closed  and  the  respiratory  muscles  are  tense,  is  due  to 
centripetal  impressions  coming  from  the  parts  thus  innervated. 

The  argument  from  the  feelings  of  effort  which  determine  our 

'  Tlie  Feeling  of  Effort,  Anniversary  Memoirs  of  the  Boston  Soc  of  Nit. 
Hist.,  1880,  last  monograph.  •  Physiologie  d.  Henschen,  II.,  p.  500. 

'  See  James,  Feeling  of  Effort,  p.  4.     *  The  Functions  of  the  Bnin,  p.  223  i 
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localization  of  objects  has  been  presented  in  the  most  convincing 
way  possible  by  Helmholtz  and  Wundt,  as  applied  to  the  case  of 
partial  paralysis  of  the  external  rectus  of  one  eye.  Inasmuch  as 
the  patient  feels  (so  von  Oraefe  *  showed)  that  he  has  moved  his 
lame  eye  much  farther  than  he  really  has,  the  inference  is  drawn 
that  this  exaggerated  feeling  of  effort  must  originate  in  central 
motor  impulses  which  have  followed  upon  the  fiat  of  the  wilL  This 
argument,  however,  neglects  to  notice  what  goes  on  in  the  other 
and  sound  eye.  Since  this  eye,  unlike  the  lame  one,  continues  its 
motion  until  the  limit  of  motion  and  its  corresponding  condition 
of  peripheral  strain  is  reached  ;  and  since,  as  Hering  *  has  shown 
(comp.  what  has  already  been  said,  p.  439  f .),  both  eyes  are  innervated 
by  one  common  act,  and  their  motor  apparatus  is  to  be  regarded  as 
functioning  as  one  organ — the  feeling  of  effort  is  probably  due  to 
afferent  sensory  impulses  occasioned  by  the  condition  of  the  sound 
eye  as  well  as  of  the  other  eye.*  Moreover,  the  more  criticaUy  we 
examine  those  cases  which  occasionally  occur,  where,  on  account 
of  paralysis  causing  anaesthesia,  the  sense  of  position  of  the  limbs 
is  impaired  or  lost,  the  more  conclusive  does  the  evidence  appear 
against  the  theory  that  the  feeling  of  effort  is  of  purely  central  ori- 
gin. For,  in  general,  it  seems  that,  while  the  power  of  voluntary 
motion  remains  unimpaired,  if  the  sensations  which  have  a  pe- 
ripheral ongin  are  impaired  or  lost,  the  various  feeUngs  of  effort 
connected  with  the  accomplishment  of  a  given  amount  of  motion, 
or  with  the  act  of  holding  any  member  of  the  body  against  the  pull 
of  gravity,  are  disturbed  or  disappear.^  '  As  far  as  the  evidence  re- 
garding this  obscure  subject  reaches  at  present,  the  feeling  of  effort 

^  Handb.  d.  gesammten  Augenheilkunde,  VI.,  p.  18  f. 

'  See  Hermann's  Handb.  d.  Physiol.,  III.,  i.,  pp.  512  f.  and  520  f. 

'  See  James,  Feeling  of  Effort,  p.  10  f. 

^  See  a  recent  paper  on  **  Le  Sens  mnscnlaire  et  les  Sensations  musculaires,^ 
by  E  Gley,  in  the  Reyae  Philosophique,  1885,  pp.  001  if.  In  this  paper  th« 
results  of  the  investigations  of  M.  Maguin,  conducted  upon  paralytics  in  the 
Hopital  de  la  Piti6  (Gomptes  rendus.  Mars  1884,  i.),  are  appealed  to  as  con- 
firmatory of  the  view  that  the  stretching  and  rubbing  of  skin,  ligaments,  joints, 
etc.,  enter  into  our  so-called  feelings  of  effort.  M.  Demeaux  has  reported  the 
case  of  a  woman  who  could  move  her  limbs,  but  could  not  tell  whether  they 
were  moved,  or  in  what  direction,  or  how  far.  No  fewer  than  three  similar 
cases  were  reported  by  French  physicians  in  the  year  1885.  The  same  view 
of  the  complex  peripheral  origin  of  the  feeling  of  effort  seems  also  to  be  fa- 
vored by  the  experiments  of  M.  Bloch,  who  tried  placing  his  hands  symmet- 
rically on  a  screen  with  two  leaves  covered  with  paper,  divided  into  small 
sqaares,  under  the  guidance  of  the  so-called  muscular  sense.  The  testimony 
of  persons  who  have  lost  their  limbs,  as  to  whether  they  can  produce  any  feel- 
ing of  effort  by  the  flat  of  will  to  move  the  lost  member,  is  conflicting.     In  all 
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ntust  he  held  to  be  complex^  and  so  is  aldii  to  other  forms  of  oom- 
mon  feeling  ;  its  constituent  elements  are  the  Tarious  obaemielj  lo- 
calized sensations,  with  their  characteristic  tones  of  feeling,  ndiidi 
arise  in  the  condition  of  skin,  muscles,  ligaments,  joints,  etc 

§  27.  The  feeling  of  effort  is  closely  connected  in  experience 
with  the  changing  positions  of  the  members  of  the  body,  and  its 
consideration  therefore  fitly  introduces  that  of  the  bodily  motiont. 
As  concerns  tbeir  relation  to  the  phenomena  of  mind,  these  motions 
may  be  divided  into  two  great  classes  * — namely,  soch  as  are  not 
demonstrably  connected  with  antecedent  changes  in  the  states  of 
consciousness,  and  such  as,  in  addition  to  their  physical  condi- 
tions and  causes,  require  that  their  explanation  should  take  acooont 
also  of  preceding  states  of  consciousness^  The  former  are  to  be 
regarded  purely  as  activities  of  the  physical  mechanism,*  and  are 
cither  automatic  or  reflex.  Automatic  motions  are  sach  as,  with- 
out any  corresponding  idea  or  fiat  of  will,  originate  from  inner 
excitations  of  the  central  nervous  system  ;  the  reflex  are  those  in 
which  the  central  excitations  resulting  in  motion  are  traceable  to 
the  action  of  sensory  nerves  which  have  been  peripherally  excited. 
It  is  extremely  difficult  to  distinguish  between  automatic  and  reflex 
motions,  and  scarcely  less  so  to  distinguish  between  the  automstie 
and  the  impulsive.  Indeed,  while  it  is  true,  on  the  one  hand,  that 
reflex  and  centrally  co-ordinated  movements  form  the  basis  upon 
which  all  our  developed  life  of  voluntary  motion  takes  place,  it  is 
al»o  true,  on  the  other  hand,  that  the  more  complex  co-ordinated 
movements  are  themselves  originally  voluntary  motions  which  hsTC, 
as  it  were,  become  habitual  and  so  dropped  out  of  consciousneel 
into  a  Ktatical  and  mechanical  way  of  taking  place.  The  sensations 
and  ideas  of  motions  may  then  be  said  to  tend  constantly  in  two 
directions — either  toward  consciousness  or  out  of  it.  It  is  by 
means  of  these  processes  in  two  directions  that  all  our  learning  of 
complicated  movements  of  the  body,  of  feat*  of  dexterity  and  skill 
— learning  to  handle  tools,  to  play  on  musical  instruments,  etc— 
takes  place.     The  interest  which  psychology  has  in  the  automatic 

Bueli  cases,  however,  it  is  probable  that  the  alleged  feeling  of  effort  is  to  be 
looked  for  in  the  actual  condition  of  strain  into  which   some  existing  ptrt 
of  the  body  is  thrown — especially  the  apparatus  of  respirmtion  (sea  BastiiB, 
British  Med.  Journal,  18C9,  p.  4C1). 
V  '  Comp.  Wundt,  Physiolog.  Psychologie,  ii.,  p.  400  f. ;  and  Lotie,  Kedida. 

"--.^  Psychologie,  p.  286  f. 

^  The  mechanism  of  the  bodily  motions  has  already  been  treated  at  length: 
for  the  nerve-muscle  machine,  see  pp.  104  if. ;  for  reflex  lyotion,  see  pp.  l^ff<; 
for  automatic  motion,  see  pp.  147  S, ;  for  the  sensory-motor  areas  of  the  oeir 
brum,  see  p.  267  ff. 
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and  reflex  motioDS  ia  chieflj  on  account  of  their  relations  to  motions 
which  are  actually  preceded  by  conscious  ideation  and  voUtion. 

§  28.  Such  motions  of  the  body  as  require  us  to  take  account  of 
antecedent  or  accompanying  states  of  consciousness,  in  addition  to 
the  connections  of  the  physical  mechanism,  are  either  impulsive  or 
Toluntary.  But  this  distinction  is  one  which  admits  of  such  a  great 
variety  of  degrees  shading  into  each  other,  that,  although  it  is 
valid  and  necessary  in  principle,  it  cannot  be  carried  through  in 
practice  with  any  considerable  precision.  By  an  impulsive  motion 
we  understand  a  motion  which,  without  a  conscious  fiat  of  will,  fol- 
lows upon  certain  ideas  and  excited  states  of  feeling.  The  motif 
of  the  impulsive  movement  lies,  then,  in  some  form  of  feeling  that 
determines  will  one  way  without  any  proper  choice.  If  we  speak 
of  such  motions  as  volitional  or  voluntary,  it  must  be  understood 
that  we  are  referring  to  activities  of  will  of  a  lower  order,  psycho- 
logically considered,  than  those  which  come  into  play  in  all  cases  of 
conscious  choice.  Impulsive  motions  are,  in  general,  more  quickly 
accomplished  than  are  voluntary  motions;  because  the  reaction- 
time  is  shortened  through  will-time  proper  having  been  dropped 
out  (comp.  chap.  Vm.,  §  19  f.). 

§  29.  All  voluntary  movement  has  its  basis  laid,  so  to  speak,  in 
impulsive  movement,  and  in  the  reactionary  effect  which  the  latter 
has  upon  the  conditions  of  reflex  and  automatic  bodily  activities. 
As  laid  in  this  basis,  voluntary  motions  imply  a  development  of  in- 
telligence and  Mrill.  The  infant  finds  itself  equipped  with  a  bod- 
ily mechanism  which,  under  the  influence  of  external  and  internal 
stimuli,  is  kept  excited  to  unceasing  activity  of  the  peripheral  mem- 
bers. This  activity  results  in  certain  sensations  and  feelings  of 
effort,  in  the  manner  previously  described.  The  tone  of  these  states 
of  consciousness  is  one  of  either  pleasure  or  discomfort,  under 
those  laws  of  relation  between  the  nervous  mechanism  and  conscious 
feeling  which  can  be  only  imperfectly  stated  ;  and  which,  when 
most  perfectly  stated,  can  only  be  accepted  as  ultimate  matters  of 
fact.  By  nature  the  nervous  mechanism  is  so  arranged  that  certain 
other  bodily  motions  of  peripheral  origin  are  started  on  occasion  of 
the  pleasant  or  painful  feeling,  and  these  motions  are  adapted  to 
enhance  the  feeling  if  pleasant  and  to  relieve  it  if  painful.  The 
feelings  thus  become  further  connected  with  the  ideas  of  the  mo- 
tions that  modify  them ;  yet  the  mechanism  of  the  motions  is  not 
to  be  regarded  as  originally  dependent  upon  the  ideas,  but  rather 
as  originated  in  connection  with  the  feelings  of  pleasure  or  discom- 
fort and  naturally  adapted  to  secure  an  increase  of  the  one  or  a 
diminution  of  the  other. 
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The  voluntary  moyemenis  of  the  body,  aooordinglj,  presnppoae 
the  impulsive,  and  yet  they  reach  far  back  into  the  obscurity  of  the 
earlier  development  of  consciousness.  Strictly  speaking,  they  impfy 
the  presence  in  consciousness  of  two  or  more  different  or  oonfliei> 
ing  ideas  of  motion,  one  of  which  rather  than  the  others  is  realiMd 
as  a  sequence  of  an  act  of  conscious  choice.  They  imply,  then^ 
as  has  already  been  said — a  considerable  development  of  the  men- 
tal activities  of  ideation  and  volition.  Moreover,  those  movementi 
which  are  ordinarily  called  voluntary  are  reaUy  so  only  with  respect  to 
certain  of  their  elements ;  they  all  also  contain  elements  which  mmt 
be  classed  as  reflex,  centrally  co-ordinated,  and  impulsive.  The  tenn 
''  voluntary  *'  fitly  lays  the  emphasis  upon  the  conscious  act  of  choice ; 
and  this,  in  turn,  implies  ideas  of  various  possible  forms  of  bodily 
motion  gained  by  previous  experience  with  the  correlated  states  of 
conscious  feeling  and  conditions  of  the  body  as  giving  rise  to  or 
modih'ing  these  states. 

The  voluntary  motions,  therefore,  constitute  the  highest  class  of 
motions,  both  because  their  conditions  include  all  those  which  be- 
long to  the  other  dosses,  and  other  conditions  besides,  and  also 
because  of  their  more  direct  connection  with  the  development  d 
certain  mental  phenomena  of  supremo  psychological  interest  and  im- 
portance. To  move  any  part  of  the  body  voluntarily  requires  the  161- 
loA^-ing  particulars  :  (1)  The  possession  of  an  educated  reflex-motor 
mechanism,  under  the  control  of  those  higher  cerebral  centres  which 
are  most  immediately  connected  with  the  phenomena  of  consciooa- 
ncs8  ;  (2)  certain  motif s  in  the  form  of  conscious  feelings  that  hate 
a  tone  of  pleasure  or  pain,  and  so  impel  the  mind  to  secure  sndi 
bodily  conditions  as  will  continue  or  increase  the  one  and  discon- 
tinue or  diminitih  the  other ;  (3)  ideas  of  motions  and  positions  of 
the  bodily  members,  which  prcNious  experience  has  taught  us  an- 
swer more  or  less  perfectly  to  the  motifs  of  conscious  feeling ;  (4)  a 
conscious  Jiat  of  will,  settling  the  question,  as  it  were,  which  of  these 
ideas  shall  bo  realized  in  the  motions  achieved  and  positions  attained 
by  these  members  ;  (5)  a  central  nervous  mechanism,  which  serves 
as  the  organ  of  relation  between  this  act  of  will  and  the  discharge  of 
the  requisite  motor  impulses  along  their  nerve-tracts  to  the  groups 
of  muscles  peripherally  situated. 

As  to  the  first  and  second  of  the  foregoing  particulars,  nothing 
further  need  be  said  ;  and  as  to  the  definite  nature  of  the  physical 
basis  wbich  underlies  the  connection  of  ideas  of  motion,  fiat  of  will 
adopting  one  idea,  and  the  starting  outward  of  the  right  motor  im- 
pulses, our  ignorance  is  almost  complete.  It  is  more  than  probable 
that  we  cannot  will  the  movement  of  muscles,  of  the  results  of  whose 
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actual  morement  in  the  induced  motion  of  the  limbs  we  have  ac- 
quired no  idea  from  previous  experience.  The  mental  images  of  the 
Tarious  feelings  of  motion  and  position  which  have  been  acquired 
in  the  past  are  our  guides  in  realizing  again  the  same  motions  and 
positions  of  the  limb&  To  say  I  will,  refers  to  the  future.  But  we 
can  never  "  will "  motion  in  general — motion,  that  is,  of  no  partic- 
ular members  of  the  body,  and  without  specific  quality,  direction, 
and  velocity  of  the  motion.  That  certain  nervous  processes  in  the 
central  organs  form  a  physical  basis  for  the  mental  phenomena  of 
ideation  and  fiat  of  will  there  is  sufficient  ground  for  believing. 
The  phenomena  of  reaction-time  show  that  interrelated  cerebral 
activities  of  more  and  more  complicated  sort  are  implied  in  the  in- 
creased time  required  for  completing  the  mental  actions  of  repre- 
sentation and  choice  between  two  members  of  an  alternative.  It 
would  be  a  great  mistake,  however,  to  regard  the  mind  as  having 
before  it  the  cerebral  machinery,  all  nicely  laid  out,  together  with 
the  acquired  art  of  selecting  and  touching  the  right  nervous  ele- 
ments in  order  to  produce  the  desired  motion,  as  a  skilful  player  of 
the  piano  handles  his  key-board.  Tlie  mind  has  no  native  or  ac- 
quired knowledge  of  the  different  ideo-motor  areas  of  the  cerebrum. 
Even  less  can  we  regard  the  mind,  acting  under  the  form  of  energy 
of  will,  as  bringing  some  stress  to  bear  upon  the  right  centres  of 
the  brain,  and  thus  setting  them  in  motion  by  laying  its  own  hand 
to  them,  as  it  were.  The  activity  of  which  we  are  directly  con- 
scious under  the  term  "  to  will  "  is  a  purely  psychical  activity  ;  it 
is  marked  by  no  transition  of  force  from  the  spintual  realm  to  the 
material  molecules  of  the  nervous  structure.  The  feeling  of  effort, 
which  seems  to  us  to  accompany  the  active  puttiug-forth  of  will,  is 
itself  a  resultant  of  mixed  sensations  that  have  a  peripheral  origin. 
The  whole  description  of  such  transactions  of  voluntary  motion  as 
are  constantly  occurring — for  example,  when  we  rise  to  close  the  win- 
dow, take  the  pen  in  hand  to  write,  etc. — is  as  follows  :  We  desire 
to  have  something  done  ;  mental  images  of  the  bodily  motions  and 
positions  involved  in  this  doing  arise  in  the  mind  ;  the  fiat  of  will 
goes  forth  adopting  one  of  them,  and  unlling  it,  as  we  say  ;  an  or- 
der of  nature  which  has  correlated  this  fiat  with  certain  cerebral 
changes,  but  of  which  we  know  nothing  whatever  directly,  and  little 
through  the  most  searching  investigations  of  science,  runs  its  course, 
and  the  transaction  which  we  have  ideated  and  willed  takes  place.' 
The  mind  can  represent  the  ideas  in  consciousness,  and  issue  the  fiat 
of  will ;  it  can  do  nothing  more.     Science  can  only  conjecture  at 

*  This  view  of  the  subject  has  been  repeatedly  enforced  by  Lotze ;  see,  espe- 
eially,  the  Microcoemus,  i.,  pp.  283  ff.     Edinburgh,  18^5. 
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present  what  then  takes  place.  It  is  to  its  adrancmg  theoiy  of 
nerve-physiology,'  and  of  the  localization  of  cerebral  fimctioD,'  thti 
we  must  look  for  more  light  on  the  question — Whai  happem  in  the 
brain  when  the  fiat  of  will  issues  in  conscumsness  t 

§  30.  Reflection  on  the  foregoing  principles  makes  it  ob?ioo8 
that  the  different  concrete  motions  of  ordinary  experience  cannot 
be  assigned  with  confidence  to  this  or  that  class  exclusiTely.  b 
the  life  of  the  infant  we  can  trace  a  general  progress  from  in 
almost  exclusive  predominance  of  reflex  and  automatic  motions, 
through  the  impulsive,  to  more  and  more  of  the  voluntaiy.  Bat 
even  in  the  in^t's  case  no  hard  and  fixed  lines  can  be  drawn  l)^ 
tween  the  various  classes  of  motions.  It  is  impossible  to  say  how 
much  of  the  constant  movement  of  its  legs  and  arms  is  reflex,  hov 
much  automatic.  It  is  also  doubtful  how  far  and  how  long  the 
winking  of  the  eyes,  the  grimaces  of  face  accompanying  the  stima- 
lating  of  the  tongue,  the  starting  at  sound,  etc.,  are  reflex  rather 
than  impulsive.  The  same  thing  is  true  of  its  earlier  cryings,  mi- 
metic and  imitative  movements,  and  various  ways  of  thrustiDg  oat 
and  drawing  in  its  limbs  in  a  purposeful  way.  Nor  can  the  earlier 
voluntary  motions  be  confidently  distinguished  from  the  impulsive. 

This  line  of  inquiry  is  especially  interesting  with  respect  to  the 
beginnings  of  articulate  speech.  A  tolerably  regular  transitioQ 
from  the  sounds  in  which  the  earliest  emotions  express  themselves 
to  the  deliberate  formation  of  words  and  sentences  makes  it  impoa- 
sible  to  tell  precisely  when  the  child  assumes  control  of  its  organs 
of  speech.  But  our  difficulties  with  the  unclasaifiable  phenomena 
of  infantile  life  do  not  seem  so  strange  when  we  reflect  upon  the 
fact  tliat  the  complicated  bodily  motions  of  adult  life  partake  at 
one  and  the  same  time  of  all  the  four  above-mentioned  classes; 
and  that  precisely  the  same  motions  may  pass  rapidly  out  of  one 
class  into  another.  The  person,  for  example,  who  is  balancing  with 
a  pole  on  a  tiglit-rope,  or  dancing  to  music,  is  involved  at  once  in 
motions  which  correspond  to  all  four  of  these  principal  classes; 
and  a  quick  change  in  circumstances  may  make  any  one  of  the 
four  more  prominent  than  another.  So  perfectly  may  the  nervous 
mechanism  be  trained  to  its  work  that  i7  may  continue  to  play  the 
violin  in  an  orchestra  after  the  player  has  lost  consciousnesa  Yet 
the  rise  and  fall  of  feeling  usually  serves  as  a  guide  to  the  artist,  so 
that  impulsively  his  lx)wing  draws  nearer  the  bridge  in  the  cres- 
cendo, and  nearer  the  key-board  in  the  diminuendo,  passages.  If  he 
plays  false  or  out  of  time,  the  sight  of  the  leader's  baton,  or  his  o^ 

'  Comp.  Part  I.,  chaps,  m.  and  Vii. 
'  Comp.  Part  IL,  chaps.  L  and  IL 
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sensations,  may  decide  him  to  tbe  fiat  of  will  which  changes  the 
spacing  with  the  left  hand  or  the  bowing  with  the  right  arm. 

§  31.  The  origin  and  nature  of  those  motions  of  the  body  that 
are  specifically  expressive  of  certain  ideas  and  feelings  constitutes 
one  of  the  most  interesting  fields  of  inquiry.  It  is  a  field,  however, 
in  which  comparative  psychology,  by  dealing  with  the  fusts  of  ani- 
mal life  under  the  theory  of  evolution,  is  particularly  suooessful ; 
whereas  Physiological  Psychology,  strictly  speaking,  has  little  to 
communicate.  This  little  has  been  summarized  by  Wundt '  under 
three  general  statements  or  principles — namely,  the  principle  of 
the  direct  alteration  of  innervation,  the  principle  of  the  association 
of  analogous  sensations,  and  the  principle  of  the  relation  of  motion 
to  the  presentations  of  sense.  Under  the  principle  of  the  direct 
alteration  of  innervation  are  placed  those  facts  which  show  that 
strong  emotions  exercise  an  immediate  reaction  on  the  central  parts 
of  motor  innervation  in  such  a  way  that  many  groups  of  muscles  are 
lamed  at  once,  and  others  are  excited  to  tense  action  followed  by  ex- 
haustion. Hence  the  tremblings  of  limbs  and  organs  of  speech,  the 
dianges  in  the  blood-vessels  and  capillaries  connected  with  secre- 
tion, the  paling  of  fear,  the  reddening  of  anger  and  shame,  the 
erect  hairs  under  the  influence  of  terror,  etc.  The  principle  of  the 
association  of  analogous  sensations  emphasizes  such  facts  as  imply 
that  sensations  having  a  common  tone  of  feeling  are  most  easily 
combined,  and  then  operate  mutually  to  strengthen  each  other. 
Under  this  principle  come  the  mimetic  movements  of  mouth  and 
nose  expressive  of  disgust  or  pleasant  taste,  tbe  posturings  of  tbe 
tongue  in  connection  with  ideas  of  sweet  or  bitter,  the  expressive 
condition  of  the  muscles  due  to  certain  sensations  of  the  skin,  etc. 
The  consideration  of  the  third  principle — that  of  the  relation  of 
motion  to  the  presentations  of  sense — brings  before  us  tlie  question 
of  the  origin  of  all  the  gestures  and  pantomimic  action  not  account- 
ed for  under  the  two  foregoing  principles.  Gestures  with  eyes  and 
head  and  limbs,  indicative  of  extension  and  relations  in  space  ;  the 
arrangement  of  the  muscles  and  skin  of  the  countenance,  and  the 
motions  of  the  eyes  under  the  influence  of  care,  expectation,  and 
reflection  ;  the  angles  of  the  lines  about  the  mouth  and  the  open. 
ings  of  mouth  and  nostrils  when  weeping  or  laughing,  etc.,  all  be- 
long under  this  principle.  But  the  physiology  and  psychology  of 
the  comic,  the  science  of  physiognomy,  and  of  articulation  in  expres- 
sive s{>eech,  although  properly  coming  in  this  connection,  lead  into 
descriptive  anatomy  and  the  theory  of  SBsthetics  much  beyond  the 
limits  necessarily  set  to  our  investigation. 

'  Physiolog.  Psychologie,  ii.,  chap.  20l 


CHAPTER  X. 

PHYSICAL   BASIS   OF   THE   HIGHER   FACULTIES. 

§  1.  An  ardent  advocate  of  "Psychology  without  a  soul "  afBmiB' 
that  "  the  study  of  abstract  concepts  (time,  number,  etc)  falls  out- 
side the  province  of  physiological  psychology,  and  has  been  made 
incidentally  only."  To  be  sure,  this  author  has  previously '  antici- 
pated the  time  when  the  science  of  mind  will  succeed  '^  in  deter- 
mining the  (physical)  conditions  of  all  mental  action,  of  whatever 
sort,  as  well  of  pure  thought  as  of  perception  and  movement^"  will 
— in  brief — be  "  entirely  physiological."  It  is  not  necessary  to  in- 
quire how  these  two  sentences  can  be  reconciled.  But,  undoubt- 
edly, at  present  the  statement  of  fact  is  far  better  founded  than 
the  anticipation.  It  is  not  easy  to  predict  how  &r  psycho-physical 
science  will  be  able  to  push  its  discoveries  in  the  future  ;  or  jnst 
where  it  will  meet  those  insuperable  barriers  which  surround  all 
fields  of  human  inquiry.  It  is  perfectly  safe,  however,  to  affirm 
of  all  the  phenomena  of  the  so-called  "  higher  faculties  "  of  mind 
what  M.  Ribot  says  of  the  study  of  abstract  concepts — ^they  still 
"  fall  outside  the  province  of  physiological  psychology."  Certain 
difficulties  are  so  obviously  intrinsic  and  essential  to  the  very  nat- 
ure of  the  facts  with  which  this  science  attempts  to  dexd  when  ap- 
proaching these  faculties  that  we  cannot  see  how  they  will  ever  be 
successfully  met. 

§  2.  The  foregoing  conclusions  apply  most  obviously  to  the  for- 
mation of  abstract  concepts,  the  conducting  of  trains  of  reason- 
ing, the  exercise  of  choice,  and  the  activities  of  the  creative  imagi- 
nation in  artistic  production,  scientific  discovery,  or  mechanical 
invention.  They  apply  only  less  obviously  to  the  higher  sestbetic, 
ethical,  and  religious  feelings ;  although  we  have  already  pointed 
out  certain  facts  and  laws  which  connect  such  feelings  with  a  phys- 
ical basis.  We  are  also  almost  as  much  at  a  loss  how  to  be  "  sci- 
entific" (strictly  speaking)  in  our  treatment  of  the  phenomena 
which  suggest  some  kind  of  physical  basis  for  the  action  of  will 

•  See  M.  Ribot,  German  Psychology  of  To-day,  p.  306.     New  York,  18W. 
'  Ibid. ,  p.  15. 
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sspecifiUy  in  the  direction  of  attention  for  the  apperception  of 
objects  of  sense,  and  for  the  control  of  the  train  of  ideas  or  the 
movement  of  the  bodily  organism.  The  same  thing  is  true  of  the 
phenomena  of  memory,  whether  considered  as  involving  retention 
merely  or  reproduction  as  well.  All  the  attempts  hitherto  made  to 
explain  or  deduce  consciousness,  either  in  general  or  in  the  par- 
ticular phase  called  self-consciousness,  from  cerebral  functions  and 
activities,  have  been  quibbling  and  wholly  unsatisfactory.  Yet 
there  are  indubitable  proofs  of  the  dependence  of  consciousness  for 
its  existence  and  modes  upon  the  cerebral  centres. 

The  inquiry  after  the  physical  basis  of  the  mental  phenomena 
usually  classed  as  "  higher  "  is,  therefore,  although  peculiarly  in- 
teresting, peculiarly  improductive  of  assured  resulta  We  may  sus- 
pect that  there  exist  in  the  nervous  elements  of  the  gray  matter 
of  the  cerebral  hemispheres  inherited  and  acquired  peculiarities  of 
molecular  constitution  and  of  dynamical  combination,  which,  if  we 
could  only  get  at  them,  would  throw  a  flood  of  light  iipon  such 
mental  phenomena.  But  after  all,  to  speak  soberly,  we  are  obliged 
to  admit  that  the  very  existence  of  such  peculiarities  is  still  almost 
wholly  a  matter  of  conjecture ;  while  the  request  for  precise  and 
verifiable  information  as  to  their  nature,  and  as  to  the  laws  which 
connect  them  with  undoubted  facts  of  consciousness,  can  only  be 
met  by  evasion,  confession  of  ignorance,  or  poetizing  and  declama- 
tion imder  the  garb  of  science.'  Physiological  Psychology  has  a 
right  to  its  own  hypotheses ;  it  has,  however,  no  right  to  introduce 
myths  about  the  genesis  and  marriage  and  ''  erethism  "  of  nerve- 
cells,  and  speculation  as  to  nervo-fibres  dynamically  inclined,  into 
the  domain  of  either  physiological  or  psychological  law& 

§  3.  The  only  safe  method  of  arriving  at  the  few  probable  con- 
clusions attainable  concerning  the  subject  of  this  chapter  is,  accord- 
ingly, the  following :  The  points  of  starting  and  the  guides  as  to 
the  way  must,  in  nearly  every  case,  be  taken  from  introspective  psy- 
chology. In  studying  the  higher  mental  phenomena,  physiological 
psychology  is  obliged  almost  wholly  to  adopt,  as  the  only  direct 
path  open,  the  non-physiological  method.  Here,  at  any  rate,  we 
start  from  that  which  appears  to  us  as  terra  firma.  We  know  what 
it  is  to  attend,  to  choose,  to  remember,  and  to  reason — in  short,  to 
be  conscious  in  some  of  the  many  modes  or  phases  of  conscious- 
ness.    Moreover,  whatever  may  be  said  in  disparagement  of  the 

'  It  18  onlj  bj  such  terms  as  **  poetizing"  that  we  can  truthfully  characterize 
the  greater  part  of  what  is  said,  for  example,  by  M.  Luys,  in  his  work  on  The 
Brain  and  its  Functions ;  this,  while  admitting  the  skill  and  brilliancy  with 
which  the  aathor  treats  his  own  interesting  conjectures. 
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'*  old  psjchology,**  it  cannot  fitly  be  denied  that  it  has  most  tbor- 
oughly  and  subtly  analyzed  the  phenomena  of  judgment,  memorr, 
and  choice,  as  these  phenomena  appear  connected  with  each  other 
in  the  flowing  current  of  our  conscious  life.  The  result  of  such 
analysis  has  been  secured  in  the  laws  of  logic,  of  the  association  of 
ideas,  etc.,  and  in  the  various  doctrines  of  the  will  and  its  relations 
to  motive  and  conduct.  In  fact,  all  study  of  these  mental  phenom- 
ena from  the  physiolc^cal  point  of  view  is  compelled  to  accept  in 
some  form  the  conclusions  of  a  study  of  the  same  phenomena  from 
the  introspective  point  of  view.  For  example,  the  reproduction  of 
ideas  under  the  so-called  laws  of  association  is  a  general  fact  of 
consciousness ;  in  the  attempt  to  explain  this  fact  according  to 
psycho-physical  causes  we  are  obliged  to  rely  upon  the  results 
reached  by  the  introspective  psychology.  The  application  to  men- 
tal phenomena  of  uncouth  terms  derived  from  the  physical  sciences 
— such  as  **  agglutination,** "  agglomeration,**  "  cohesion,"  "  organic 
phosphorescence,"  "histological  cataleps}*,"  etc. — has  simply  the 
effect  of  repeating  certain  psychical  facts  and  laws  in  a  less  appro- 
priate way,  without  adding  an  item  of  information  regarding  the 
real  nature  of  their  physiological  basis.  Ideas,  or  states  and  prod- 
ucts of  consciousness,  cannot — speaking  literally— cohere,  or  be- 
come agglutinated  or  agglomerated ;  and  we  need  some  better 
proof  than  mere  dechunation  to  show  that  these  states  and  prod- 
ucts depend  upon  any  physical  processes  resembling  agglatina- 
tion,  phosphorescence,  or  catalepsy  of  the  nerve-celL  Physiological 
psychology  is  obliged,  then,  to  accept  certain  conclusions  of  the 
psychology  of  self-consciousness ;  otherwise  it  has  no  motif  or  guide 
in  its  investigation  of  the  higher  mental  faculties. 

But  while  our  conscious  psychical  experience  of  the  higher  men- 
tal activities  is  so  for  obvious  as  to  nudce  that  side  of  the  subject 
capable  of  scientific  statement,  our  knowledge  of  the  physiological 
processes  connected  with  those  activities  is  in  precisely  the  oppo- 
site condition.  Over  and  over  again  the  confession  has  been  forced 
from  us  that — strictly  speaking — a  scientific  physiology  of  the 
cerebral  hemispheres  does  not  yet  exist  We  can  only  dimly  con- 
jecture what  takes  place  in  the  nerve-elements  of  the  cortex  of  the 
cerebrum  as  the  physical  basis  of  conscious  sensation  and  percep- 
tion. The  molecular  physics,  or  general  nerve -physiology  of  the 
nerve-muscle  machine — the  simple  peripheral  nerve  with  muscle 
attached — is  in  a  very  unsatisfactory  state.  A  science  for  the  vast 
complex  of  nerve-cells  and  nerve-fibres  which  exists  in  the  gray 
matter  of  the  brain  proper  is  at  preseut  scarcely  a  matter  for  even 
hopeful  anticipation.     Faint  and  doubtful  guesses,  more  or  ksB 
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intimAtely  ooimecied  with  general  principles  of  molecular  phjeics 
and  physiology  of  the  nerrous  system,  are  all  that  can  appear  in 
the  name  of  such  a  science.  But  the  very  business  of  physiological 
psychology  is  to  connect  together  under  general  laws  the  mental 
phenomena,  on  the  one  side,  and  the  ascertained  facts  of  physiol- 
ogy, on  the  other  side.  In  this  case,  we  are  tolerably  equipped 
with  information  as  to  the  former  ;  we  have  little  but  unverifiable 
assumption  to  take  the  place  of  the  latter.  In  attempting  the  in- 
quiry into  the  physical  basis  of  the  higher  faculties  (the  physio- 
logical psychology  of  volition,  memory,  conception,  etc),  no  other 
course  is  open  but  to  accept  the  facts  of  consciousness,  and  then 
speculate  as  to  how  they  may,  perhaps  in  part,  be  accounted  for  by 
a  conjectural  extension  of  certain  physical  and  physiological  facts 
to  the  cerebral  hemispherea  This  procedure  certainly  cannot  be 
called  '^science ;'*  it  is,  however,  the  only  one  open  instead  of  a 
confession  of  complete  ignorance. 

§  4.  The  mental  phenomena  of  the  higher  order,  concerning  whose 
physical  basis  conjecture  is  most  plausibly  supported  by  a  number 
of  related  facts^  may  be  divided  into  two  great  classe&  One  of 
these  covers  the  phenomena  of  Will,  in  the  forms  of  attentive  per- 
ception and  the  effort  determining  the  extent  and  character  of  the 
field  of  consciousness ;  the  other  covers  the  phenomena  of  Memory, 
whether  considered  as  the  retention  or  the  reproduction  of  ideaa 
Certain  conjectures  as  to  the  physical  basis  of  both  these  kinds  of 
mental  activities  are  in  good  degree  warranted  by  the  principles 
discussed  in  the  foregoing  chapters. 

The  physiological  basis  (so  far  as  such  basis  can  be  said  to  exist) 
for  those  mental  phenomena  which  appear  in  consciousness  as  ''acts 
of  will  "is  laid,  in  general,  in  that  power  of  aulonicUism  which  is 
concentrated,  so  to  speak,  in  the  nerve-cells  of  the  central  organ& 
Automatism,  or  the  power  of  originating  motions  which  cannot  be 
explained  as  due  to  external  stimuli,  is  indeed  in  some  sort  a 
property  of  all  Uving  protoplasm  ;  but  in  that  elaborate  differentia- 
tion of  structure  and  function  which  the  human  body  exhibits,  the 
nerve-cells  of  the  central  organs  have  absorbed  this  power  and  be- 
come distinctively  automatic.  To  them  chiefly  does  it  belong  to 
initiate  within  themselves  the  molecular  changes  which  are  neces- 
sary to  keep  the  body,  both  as  a  whole  and  in  its  several  parts, 
adjusted  to  the  changes  of  its  environment  It  is  sometimes  said 
that  ''  an  amoeba  has  a  will  of  its  own."  Our  only  right  to  speak 
in  this  manner  is  derived  from  the  fact  that  many  of  its  formal 
changes  seem  to  arise  from  within,  and  are  quite  inexplicable  under 
any  known  laws  of  merely  reflex  motion.    If  we  raise  the  inquiry 
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whether  such  automatic  changes  of  its  molecnlar  stmctaie  are  to- 
companied  by  anything  which  corresponds  to  what  we  call  ocmscioiifl 
volition,  it  must  be  admitted  that  we  are  quite  unable  to  answer 
such  an  inquiry.  We  con  easily  imagine  the  amceba,  however,  to 
have  a  consciousness  of  an  "  act  of  will "  as  an  accompaniment  of 
each  automatic  change  in  the  arrangement  of  its  molecules.  A 
large  part  of  man's  activity  in  the  control  of  his  bodily  organism, 
we  know,  is  unaccompanied  by  any  conscious  volition.  Such  oo- 
oonscious  but  purposeful  activity  belongs  to  the  spinal  cord  and 
to  the  lower  cerebral  centres,  which  act  both  reflexly  and  automat- 
ically under  the  laws  of  acquired  skill  and  of  habit  In  this  waj 
many  even  of  our  so-called  voluntary  movements  really  take  place. 
But  some  sudden  emergency — as,  for  example,  the  sight  of  a 
threatening  object,  a  change  in  the  character  of  the  soil  on  which 
the  pedestrian  treads,  the  parting  of  a  rein  in  the  rider  s  hand— 
may  call  for  a  succession  of  distinct  and  intense  acts  of  wilL  And, 
ordinarily,  mild  and  rather  obscure  volitions  connected  with  the 
movement  of  the  body  intermingle  with  the  succession  of  sensa- 
tions and  ideas  which  compose  the  principal  material  of  cod- 
sciousne8& 

In  all  such  cases  as  the  foregoing  we  have  reason  to  suj^wse 
that,  either  through  external  or  internal  stimuli  (either  througb 
sensory  impulses  coming  in  along  the  centripetal  nerve- tracts  or  ae 
started  by  changed  conditions  of  blood-supply),  the  nerve-cells  of 
the  cerebral  hemispheres  are  called  upon  to  exercise  their  peculiar 
functions.     Such  functions  we  may  well  believe  are  always  both 
reflex  and  automatic  ;  that  is  to  say,  the  nerve-eommotions  which 
issue  from  the  cells  are  dependent  for  their  intensity  and  charac- 
ter both  upon  the  excitations  coming  to  them  from  without  and 
also  upon  their  own  internal  molecular  structure  and  condition— 
especiidly  as  respects  the  blood-supply.     Accordingly,  it  must  be 
held  that  volitions,  or  acts  of  will  in  consciousness,  do  not  have 
their  physical  basis   in  any  special  organ  or  area  of  the  brain. 
Tnere  is  no  special  organ  of  will.     All  the  central  organs  have  pre- 
eminently the  property  of  automatism.     But  since,  in  the  case  of 
man  at  least,  it  is  only  on  occasion  of  a  certain  kind  and  degree  of 
activity  of  the  cerebral  hemufpheren  that  what  takes  place  in  the 
nervous   system  has   any  corresponding  expression  in   conscious- 
ness, the  physical  basis  for  acts  of  will  in  general  is  the  automar 
tism  of  these  hemispheres  in  general 

§  5.  An  act  of  will,  however,  is  always  an  act  of  some  special  kind. 
There  can  be  no  volition  to  motion  in  general,  but  only  a  voHtion 
defined  and  limited  to  the  movement  of  certain  limbs»  or  of  the 
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trunk  including  the  limba,  with  a  certain  direction  and  degree  of 
motion.  Thus  also  every  act  of  will  for  the  control  of  the  mental 
train,  or  for  the  apperception  of  an  object  of  sense,  through  con- 
centrated attention,  is  defined  by  some  particular  mental  state  or 
modification  upon  which  it  is  directed.  We  have  seen  good  reason 
to  believe  that  certain  areas  of  the  cerebral  cortex  are  especially 
connected  with  certain  corresponding  sensory-motor  activities 
(comp.  Chap.  IL  throughout).  In  the  same  areas,  then,  the  physical 
basis  is  laid  for  those  acts  of  will  that  are  concerned  with  the 
corresponding  activities.  The  acts  of  will  which  have  to  do  with 
the  movement  of  the  upper  and  lower  limbs,  for  example,  im- 
ply the  special  activity  of  the  cerebral  areas  on  either  side  the 
Fissure  of  Rolando ;  those  acts  of  will  that  have  to  do  with  the 
movement  of  the  organs  used  in  articulate  speech  are  especially  re- 
lated to  the  areas  lying  about  the  lower  part  of  the  Fissure  of  Syl- 
vius— the  posterior  third  of  the  lower  frontal  convolution,  etc.  We 
have  no  sufficient  ground  for  locating  in  one  circumscribed  spot 
the  physical  basis  of  such  acts  of  voluntary  attention  as  concern 
the  different  presentations  of  sense  and  the  images  of  memory  de- 
rived from  them.  The  case  is  not  as  though  the  mind  made  a 
transit,  as  it  were,  from  some  special  seat  of  intelligence  and  will, 
to  contemplate  with  attention  and  pronounce  upon  the  complicated 
sensory  impressions  which  have  arrived  and  been  elaborated  in  the 
particular  sensory  areas ;  or  as  though  it  travelled  from  adjacent 
parts  to  lay  its  grip  upon  the  right  motor  areas  when  sensation  or 
desire  indicated  to  will  that  certain  groups  of  muscles  should  be 
innervated.  Whenever  an  act  of  will  taken  place,  then  at  the  cerebral 
area  which  correspond 8  to  the  particiUar  nature  of  the  act  (namely, 
the  will  to  attend  to  this  object  of  sense,  or  to  start  in  motion  that 
limb)  the  particular  molecular  changes  arise  in  the  nerve-cells  which 
are  correlated  tvith  such  mode  of  consciousness. 

§  6.  As  to  the  relation  in  time  which  is  maintained  between  the 
conscious  act  of  will  and  the  particular  form  of  automatic  cerebral 
excitation  which  we  have  called  its  physical  basis,  it  is  not  possi- 
ble to  pronounce  with  confidence.  But  there  is  no  good  reason 
to  suppose  that  the  conscious  mental  act  is  interpolated  as  an 
independent  element  of  time,  so  to  speak,  among  the  physiological 
processes.  The  flow  of  consciousness  from  obscure  sensation  to 
perception  and  clear  attentive  discernment,  then  to  the  act  of  de- 
cision between  two  or  more  possible  forms  of  appropriate  movement, 
and,  finally,  to  the  issue  of  the  right  fiat  of  will,  all  keep  pace  with 
the  corresponding  physiological  processes  in  the  cerebi*al  areas. 
As  to  the  exact  nature  of  these  processes,  and  as  to  how  they  f m*- 
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nish  necessary  conditions  to  the  mental  moyement,  there  is  no  id- 
formation  to  be  imparted. 

§  7.  The  problem  is  complicated  when  onr  oonscioosneflB  beoomes 
one  of  deciding  to  which  of  several  presentations  of  sense  or  im- 
ages of  memory  we  toUl  to  direct  the  attention.  "  Concerning  the 
physiological  processes,**  says  Ezner,'  "  from  which  we  abstract  the 
conception  of  attention  we  know  absolutely  nothing."  This  is  true 
even  when  attention  seems  determined  or  forced  upon  us  by  cause* 
over  which  the  mind  has  no  control ;  it  is,  of  course,  more  obviously 
true  when  the  mind  is  conscious  of  deliberation  and  choice.  The 
attention  which  directs  to  the  single  object  and  heightens  the  cIea^ 
ness  of  our  perception,  converting  it  into  an  "  apperception,**  may 
properly  be  spoken  oi  oawiactof  will ;  but  starting  from  the  point 
of  view  of  consciousness,  it  must  be  admitted  that,  in  the  majority 
of  such  activities  of  apperception,  there  is  no  consciousness  of  choice 
— the  will  is  determined  in  one  way.  This  is  equally  true  of  the 
attachment  of  attention  to  certain  particular  images  of  the  mental 
train,  as  that  train  is  conducted  along  under  the  laws  of  associatimL 
Most  things  which  we  clearly  perceive,  or  feel  with  any  decided 
pain  or  pleasure,  or  which  are  vividly  brought  before  the  mind  as 
images  of  memory  and  imagination,  we  cannot  help  attending  ta 
The  sudden  flashing  of  a  light,  the  passing  of  a  bright  object  across 
the  field  of  vision,  the  occurrence  of  a  loud  noise,  or,  of  a  faxnia 
one  with  a  character  that  interests  us,  the  smells  in  the  atmosphere 
and  the  taste  of  our  food,  the  sensations  of  the  internal  organs  and 
of  the  skin,  when  sufficiently  intense — all  these  eompulsorily  draw 
after  them  the  attention.  They  get  themselves  permved  by  an  iio- 
pulsive  and  involuntary  act  of  wilL  So,  too,  do  the  revived  images 
of  memory,  in  ordinary  circumstances  where  the  perception  of  ex- 
ternal objects  is  relatively  suppressed,  appear  to  force  themselves 
upon  the  attention. 

In  vievi  of  the  foregoing  familiar  facts  of  consciousness,  we  may 
conjecture  that  when  the  cerebral  centres  are  not  preoccupied,  as 
it  were,  with  contradictoiy  forms  and  phases  of  nerve-conunotion, 
certain  processes  set  up  within  them,  whether  due  to  external  stim- 
uli or  to  changes  in  the  blood-supply,  are  necessarily  followed  by 
the  phenomena  of  conscious  attention.  Even  when  these  centres 
are  largely  thus  preoccupied,  similar  changes  may  be  rapidly  forced 
within  them,  by  the  action  of  some  very  strong  excitation  feom  the 
end-organs  of  sense,  or  from  some  connected  cerebral  centre.  Hence 
the  shock  of  surprise  which  sudden  and  vehement  impressions  cre- 
ate. In  all  such  cases  of  forred  attention  the  resulting  tone  of  feel- 
1  In  Hermann's  Handb.  d.  Physiol.,  II.,  ii,  p.  38a. 
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ing  in  oonflcionsnefis  is  different  from  that  T?hich  prevails  when  the 
choice  to  attend  is  being  deliberately  maintained  or  persistently 
reviyed.  The  tnotifa  of  much  of  our  activity  of  will  in  attention, 
therefore,  plainly  lie  in  that  state  of  the  cerebral  centres  which  is 
compelled  by  the  intensity  of  the  stimulation  they  receive  (either 
from  external  or  internal  stimuli).'  If  there  were  no  other  phe- 
nomena of  will  than  those  of  forced  attention,  it  would  be  necessary 
to  admit  the  probability  that  all  the  mental  activities  are  purely 
mechanical  and  absolutely  dependent  upon  the  action  of  the  ner- 
vous system  under  the  exciting  influence  of  stimuli 

§  8.  Certain  phenomena  of  will  in  the  form  of  attention  suggest 
conclusions  of  a  different  order  from  the  foregoing.  Taking  our  point 
of  starting  again  from  consciousness,  we  know  by  a  manifold  expe- 
rience that  the  different  degrees  of  clearness  with  which  we  perceive 
objects  or  apprehend  the  images  of  memory  implies  a  graded  appli- 
cation of  attention.  The  grading  of  this  application  of  attention  is 
by  no  means  always  determined  solely  by  the  intensity  of  the  stim- 
ulus, so  far  as  we  can  measure  such  stimulus.  It  is  a  principle  of 
wide  reach,  that — to  quote  the  words  of  Wundt — ''the  degree  of 
apperception  is  not  to  be  measured  according  to  the  strength  of  the 
external  impression,  but  according  to  the  subjective  activity  by 
which  the  consciousness  is  applied  to  a  definite  sense-stimulua" 
The  subjective  activity  which  applies  the  consciousness,  as  it  were, 
to  this  or  that  presentation  of  sense  or  image  of  memory',  rather  than 
to  some  other,  is  an  activity  of  will ;  and  the  effect  of  the  activity  is 
seen  both  in  heightening  the  attention  as  directed  to  the  object,  and 
also  in  adapting  the  attention  to  the  particular  object  upon  which  it 
is  directed.  Accompanying  this  twofold  control  of  attention,  and 
indeed  forming  the  very  basis  upon  which  it  rests,  when  deliberately 
exercised,  is  the  consciousness  of  ".choice" — the  activity  of  vnll  in 
deciding  the  direction  and  amount  of  attention  bestowed  upon  one  ob- 
ject among  several  in  the  field  of  consciousness.  Percepts  and  ideas 
do  not  move  from  the  various  obscurer  parts  of  the  field  of  con- 
sciousness into  the  focal  point  by  virtue  solely  of  a  momentum  be- 
longing to  them  as  such  ;  they  are  placed  and  kept  there  by  an  act 
of  wilL  This  must  be  admitted  as  an  indubitable  fact  of  conscious- 
ness, whether  or  not  the  physiological  correlate  or  so-called  explana- 
tion of  this  fact  can  be  discovered  or  even  conjectured. 

Many  indisputably  valid  phenomena,  both  those  accessible  to 
ordinary  observation  and  those  discovered  by  special  experiment, 

>  Comp.  Wondi,  Phjsiolog.  Psychologie,  ii.,  pp.  387  ff.;  and  Staude,  Der  Be- 
griff  d.  Apperception  in  d.  neaereu  Psychologie,  Philosoph.  Stadien,  L ,  Heft 
ii,  p.  194  f. 
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illustrate  the  foregoing  principle.  By  an  act  of  will  attentioii  may 
be  heightened  and  accommodated  to  the  object,  with  a  marked  in- 
fluence upon  apperception  and  the  association  of  ideas.  Upon  this 
'  point  we  have  to  recall  facts  already  mentioned.  The  effect  of  a 
voluntary  increase  of  attention  upon  the  reaction-time  is  to  dimiiuBh 
it,  of  distracted  attention  to  increase  it  or  destroy  its  value  alto- 
gether. *  If,  simultaneously,  the  ear  is  stimulated  by  the  periodic 
strokes  of  a  bell,  and  the  retina  by  regularly  recurring  electrical 
sparks,  the  attention  will  naturally  be  directed  to  the  former ;  the 
image  of  the  latter  will  then  be  located  only  very  obscurely  in  the 
flow  of  consciousness,  and  the  time  of  its  occurrence  may  scarcely 
be  noticed  at  all.  We  incline  to  attend  to  the  stronger  of  two  ex- 
citations of  sense  ;  to  yield  to  the  incUnation  depresses  the  weaker 
still  further — perhaps  below  the  plane  of  conscious  perception. 
But  within  certain  limits  we  attend  where  toe  will.  We  also  incline 
to  attend  to  objects  lying  in  the  point  of  regard  of  the  field  of 
vision,  but  we  can  will  to  attend  to  objects  lying  in  the  outward 
portions  of  this  field.*  The  voluntary  direction  of  attention  in  this 
case  determines  the  apperception  of  these  objects  to  the  neglect  of 
those  lying  in  the  more  favorable  parts  of  the  field.  We  can  at- 
tend to  the  field  of  vision  of  one  eye,  neglecting  the  other,  as  skil- 
ful microscopists  do.  We  can  see  by  voluntary  attention  the  other- 
wise invisible  double  images.  It  is  claimed  by  some  experimenters 
with  the  "  conflict  of  colors  '*  in  binocular  vision,  that,  by  the  direc- 
tion of  attention,  when  a  green  image  is  formed  on  one  eje  and  a 
red  upon  the  other,  they  can  see  either  at  will,  or  at  will  can  com- 
bine the  two. 

Experiments  with  instantaneous  illumination  by  the  electrical 
spark  also  demonstrate  in  a  marked  way  the  effect  of  attention. 
Objects  which  under  ordinary  circumstances  are  without  great  effort 
seen,  either  as  stereoscopic  or  as  double  images,  can  also  be  seen 
in  both  ways  b}'  the  electric  spark,  according  to  the  direction  of 
attention.  The  first  impression  is  ordinarily  stereoscopic ;  but  if » 
pause  of  10  sec.  be  allowed  for  the  after-images  to  die  away,  the 
experimenter  can  at  will  see  the  double  images,  although  the  point 
of  fixation  and  the  influence  of  the  light  remain  absolutely  the 
same.*      The  effect  of  attention  in  analyzing   composite  musical 

'  See  the  table  of  Obersteiner,  Brain,  I.,  p.  439,  to  show  the  fluctuation* o' 
the  reaction-time  of  a  person  reacting  while*  an  organ  was  playing  in  the  8»n*^ 
room.  'Hie  normal  reaction-time  of  the  person  being  0.100  sec,  it  rose  to 
0.148.  and  even  0.215,  while  the  instrument  was  heard,  and  fell  to  0.095  »nd 
0.087  during  pauses  in  the  playing. 

='  See  Helmholtz,  Physiolog.  Optik,  p.  740  £.  »  Ibid.,  p.  741. 
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clangs  into  their  elements  is  equally  marked.'  In  addition  to  a 
previous  acquaintance  \vith  the  character  of  such  over-tones  as  are 
to  be  expected  and  analyzed  out  of  the  clang,  the  analysis  can  take 
place  in  no  case  without  a  "  certain  undisturbed  concentration  of 
the  attention."  That  changes  in  the  clearness  of  perceptions  take 
place  in  dependence  on  the  changes  in  the  degree  of  attention  is  a 
matter  of  the  most  ordinary  experience.  On  waking  gradually 
from  sleep  our  surroundings  become  less  and  less  obscure  to  the 
senses  of  eye,  ear,  and  skin,  as  the  grade  of  voluntary  attention  in 
apperception  progressively  rises.  On  casting  the  glance  casually 
upon  a  landscape  seen  through  a  window,  its  objects  are,  at  first, 
scarcely  perceived  at  all ;  by  gradual  increase  in  the  intensity  of 
attention  (changing  the  casual  glance  into  a  steady  look)  these 
objects  become  apperceived  more  and  more  clearly.  The  voluntary 
concentration  of  attention  (comp.  p.  446  1)  often  dissolves  an  error 
of  sense  or  changes  the  entire  appearance  of  the  visual  object  On 
the  other  hand,  a  great  strain  of  attention  may  lead  one  to  anticipate 
an  expected  impression  of  sense,  and  perceive  its  occurrence  before 
it  has  actually  taken  place.  It  may  also  cause  other  illusions,  as 
when,  on  expecting  eagerly  the  stroke  of  the  clock,  some  weaker 
sound  may  be  mistaken  for  it' 

§  9.  Voluntary  attention  directed  toward  the  images  of  memory 
has  also  a  marked  effect  upon  their  character  and  duration  in  con- 
sciousness. In  certain  cases  it  may  impart  to  them  the  vividness 
of  presentations  of  sense,  although  the  power  to  bring  this  about 
differs  greatly  for  the  different  senses  and  in  different  individuals 
By  an  effort  of  will  the  player  of  a  musical  instrument  can  cause 
himself  to  feel  again  the  revived  images  of  the  muscular  and  tactual 
sensations  which  accompanied  a  particular  exercise  of  his  skill. 
The  hearer  of  some  impressive  musical  air  may  voluntarily  set  it 
running,  with  its  variation  of  tone  and  rhythm,  through  his  mind's 
ear,  as  it  were.  Not  to  speak  of  hallucinations  and  visions,  most 
men  see  sights  in  dreams,  and  even  in  reverie,  that  closely  approach 
the  intensity  of  the  presentations  of  sense  in  the  waking  state  and 
in  broad  daylight  Artists  in  forms  of  art  involving  a  special  sus- 
ceptibility and  activity  of  some  one  or  more  of  the  senses,  are,  of 
course,  gifted  with  a  specialized  creative  energy  of  imagination. 
Particular  images  of  memory  may  be  seized  upon  at  will,  as  it  were, 
and  the  attention  so  concentrated  upon  tliem  as  to  impart  to  them 
much  of  the  strength  which  their  originals  enjoyed. 

Moreover,  the  effect  of  attention  upon  certain  images  of  memory 

'  Helmholtz,  Die  Lehre  von  den  Tonempfindungen,  etc.,  p.  84  f. 
*  See  Feohner,  Elemente  d.  Psycho-physik,  ii.|  p.  491  f. 
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is  such  as  apparently  to  localize  them  anew  in  the  organs  hy  wluA 
these  originals  were  formed.  To  try  to  reviTe  a  melody  as  distinctly 
as  possible  produces  a  sense  of  stndn  (a  feeling  of  being  innenrsted) 
in  the  region  of  the  ear.  We  recall  sounds,  especially  if  we  reeill 
them  vividly,  with  the  organs  of  hearing.  The  prolonged  eflbrt  to 
recall  or  imago  colors  or  visual  forms  tires  the  visual  organs ;  tiie 
impression  is  as  though  the  recollection  or  imagination  were  acooift- 
plished  in  and  through  these  organs.  The  violin-player  rememben 
and  goes  over  the  solo  he  is  to  play,  not  only  in  his  ear,  bat  in  hii 
arms  and  fingers.  Upon  such  power  of  reproduction  the  power  of 
new  production  dependa  Indeed,  we  may  say  that  "  the  aetiritj' 
of  voluntary  sensuous  attention  largely  consists  in  a  voluntary  re- 
production of  earlier  conditions  of  sensationa" '  It  has  even  been 
claimed  that  vivid  representative  images  of  color-sensations  may  be 
followed  by  the  corresponding  negative  after-images.' 

§  10.  Concerning  the  physiological  basis  of  the  phenomena  of 
voluntary  attention,  httle  is  known.  Apparently,  part  of  the  effidct 
must  be  due  to  the  changed  condition  which  is  brought  about  m 
the  end-organs  of  sense  when  especially  innervated  and  so  prepared 
for  receiving  the  stimulation  appropriate  to  them.  To  this  fact  is 
due  the  peculiar  feeUng  of  strain  in  the  organ  of  attentive  apper- 
ception, or  of  vivid  reproduction  of  the  image  of  memory.  Bat 
the  chief  effect  of  attention  is  realized  in  the  altered  condition  of 
the  cerebral  centrea  It  is  only  obvious,  according  to  Exner,*  that 
we  have  to  do  with  changes  in  the  central  mechanism  set  up  by  act 
of  will,  and  that  these  changes  vary  quantitatively  and  concern  the 
circles  of  our  psychical  activity.  Moreover,  the  point  of  attadi- 
inent,  ns  it  were,  for  the  attention  is  found  only  after  the  impres- 
siou  of  sense  has  been  elaborated  to  a  certain  degree.  We  cannot 
voluntarily  attend  without  perceiving,  at  least  obscurely,  that  to 
which  (presentation  of  sense  or  image  of  memory)  attention  iB  to 
be  directecL  Still  further,  fluctuations  of  the  cerebral  activity 
are  constantly  occurring  ;  for,  as  every  one  knows  who  has  expe- 
rimented with  himself  (for  example  in  determining  reaction-time), 
it  is  iinjiossihlo  to  keep  attention  on  a  perfectly  steady  stretch  with 
respect  to  its  object  Waves  of  consciousness  in  connection  with 
these  fluctuations  of  attention  rise  and  falL^  In  the  most  sao- 
cessful  reactions  the  attention  is  effectual  in  producing  and  main- 

I  Comp.  G.  E.  MQller,  Zur  Theorie  d.  slnnlicben  Anfmerksamkeit,  Leipng. 

p.  89. 

'^  Wundt.  Vorlesungen  tiber  Menscb  u.  Thler,  L,  p.  887. 

'  In  Hermann's  Handb.  d.  PhjsioL,  II.,  11.,  p.  283. 

*  Ck)mp.  Fechuer,  Elements  d.  PflyohophysUc,  ii.,  p.  452  L 
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taiidng  a  state  of  strained  expectation,  in  which  the  occurrence  of 
the  expected  stimulation  sets  the  motor  mechanism  off  without^  and 
even  in  spite  of,  a  separate  act  of  will.  In  such  cases  the  cerebral 
centres  have  apparently  been  thrown  into  an  exalted  and  explosive 
state  of  irritability.  We  all  know  that  very  little  suffices  to  set  the 
muscles  agoing  when  the  mind  is  on  the  stretcL  It  is  not  unlikely 
that  the  effect  of  attention  is  felt  in  depressing  certain  cerebral 
areas  not  intimately  connected  with  the  production  of  the  particular 
image  of  memory  or  presentation  of  sense,  as  well  as  in  heightening 
the  activity  of  others  that  are  thus  connected.'  The  phenomena,  at 
any  rate,  imply  an  increased  difference  of  excitability  and  conductivity 
for  their  specific  forms  of  nerve-commotion  in  the  different  cerebral 
areas.  Under  the  influence  of  attention  the  cerebrum  has  become 
more  susceptible  for  certain  impressions,  less  so  for  certain  others.' 
Stored  energy  of  the  nerve-cells  is  being  rapidly  called  forth.  Con- 
centrated  voluntary  attention  implies  a  large  amount  of  work  being 
done  in  the  cerebral  hemispheres.  We  recognize  this  fact  in  the  ac- 
companying feelings  of  strain  and  in  the  subsequent  feelings  of 
brain-exhaustion.  The  subject  of  experiment  to  determine  the 
reaction-time  under  concentrated  attention  often,  though  sitting 
quiet,  sweats  profusely. 

§  11.  What  happens  when  two  different  excitations,  arising  either 
from  conflicting  presentations  of  sense,  or  conflicting  ideas,  meet  in 
any  single  region  of  the  brain  ?  We  can  only  answer  this  question 
with  vague  conjecture.  The  phenomena  of  the  conflict  of  colors  in 
binocular  vision  seem  to  imply  that  either  the  more  intense  of  the 
two  may  prevail  over  the  other,  or  the  two  may  both  persist  and 
interpenetrate  as  it  were.  In  certain  cases  voluntary  attention 
may  determine  which  event  shall  ensue.  The  sugar  sweetens  the 
acid  of  the  lemonade,  not  in  the  vessel  which  contains  it  or  on  the 
tongue  which  tastes  it,  but  in  the  brain.  According  to  the  con- 
jecture of  Wundt,*  the  frontal  regions  of  the  cerebrum  are  the 
"  bearers  {ledger)  of  the  physiological  processes  which  accompany 
the  apperception  of  the  presentations  of  sense."  In  order,  then, 
that  the  process  set  up  in  any  cerebral  region  by  an  excitation  of 
the  organs  of  sense  connected  with  it  may  result  in  clear  discern- 
ment of  an  object,  certain  physiological  processes  must  be  con- 
ducted from  the  frontal  regions  to  that  region.  Wundt's  con- 
jecture is  plausible,  at  least  it  gives  the  frontal  region  something 
to  do,  and  answers  in  part  the  inquiry  why  so  much  of  the  cere- 

I  See  G.  E.  Mailer,  Znr  Theorie  d.  sinnlichen  Aofmerksamkeit,  p.  52  f. 
*  See  Ezner,  in  PilQger's  Arohiv,  xi.,  p.  428. 
'  Physiolog.  Pflychologie,  i.,  p.  216. 
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bral  substance  should  seem  merely  negatiTe  as  respects  the  phe- 
nomena of  sensation  and  motion. 

§  12.  Nothing  thus  far  said,  and  nothing  of  scientific  Talne  wUdi 
physiological  psychology  has  to  offer,  throws  any  clear  light  on  the 
problem  of  the  '*  freedom  of  the  wilL"  When  M.  liuys^^  for  exam- 
ple, maintains  that  to  imagine  ''  we  think  of  an  object  by  a  qxMi- 
taneous  effort  of  mind  is  an  lUiisiony**  and  that^  in  fiact^  the  object  ii 
only  forced  on  us  by  the  cunning  conjurer,  the  brain,  "  because  the 
cell-territor}'  where  that  object  resides  has  been  previously  set  vi- 
brating in  the  brain,**  he  is  controverting  a  plain  and  uniTeml 
dictum  of  consciousness  by  his  private  and  unverifiable  hypothesis 
on  a  question  of  cerebral  physiology  where  experts  and  novices  are 
alike  ignorant  Physiology  neither  disproves  nor  verifies  the  post- 
ulate of  free  will ;  accordingly,  this  postidate  must  be  raised  and 
discussed  upon  other  grounds.  Metaphysics  and  ethics  cannot 
properly  dictate  their  facts  and  conclusions  to  the  science  of  physi- 
ological psychology ;  but,  in  turn,  this  science  cannot  properij 
dictate  to  metaphysics  and  ethics  the  conclusions  which  they  shall 
draw  from  facts  of  consciousness,  by  giving  out  its  myths  and  &- 
bles  in  the  garb  of  well-ascertained  history  of  the  cerebral  pro- 
cesses. 

§  13.  Consciousness,  or  the  having  any  form  of  sentient  life,  in 
(lifitinctioii  from  being  in  a  condition  of  dreamless  sleep  or  swoon- 
ing, and  Self-consoiousness,  or  the  recognition  of  the  states  of  con- 
8ciou8ncs8  as  states  of  the  ego  or  subject  of  them  all,  are  inti- 
mately connected  with  the  phenomena  of  will  By  the  amount 
and  speed  of  the  energy  expended  in  attention  we  measure  in  large 
degree  the  extent  and  intensity  of  consciousnesa  The  stir  of  feel- 
ing through  the  presentation  of  some  object  of  sense,  or  through 
some  idea,  causes  us,  either  voluntarily  or  involuntarily,  to  rouse 
ourselves  to  what  is  then  recognized  as  a  wider  and  higher  energy 
of  consciousness.  But  inasmuch  as  consciousness  is  the  condition 
of  all  internal  experience  whatsoever,  we  cannot  deduce  or  explain 
the  essential  nature  of  consciousness  from  other  forms  of  such  ex- 
perience.'    For  the  same  reason  we  cannot  define  consciousness. 

Concerning  the  physical  basis  of  consciousness  little  can  be  added 
to  what  has  already  been  said  concerning  the  physical  basis  of 
the  various  forms  of  consciousness.  Consciousness  is  never  con- 
sciousness in  general — never  an  activity  or  state  that  may  be  sep- 
amted  from  the  iudi^idual  states  and  processes  of  consciousness. 
In  the  case  of  man,  the  cerebrum  is  apparently  the  sole,  as  it  ce^ 

'  The  Brain  and  its  Functions,  p.  254. 

*  Comp.  Wundt,  Physiolog.  Psychologie,  ii,  p.  IMS  1 
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tainly  is  ihe  chief,  organ  of  consciousness  (comp.  pp.  249  fit).  By 
calling  the  cerebrum  the  **  organ  "*  of  consciousness,  however,  little 
more  is  meant  than  that  the  constitution  and  processes  of  the  ner- 
TOUB  matter  of  this  organ  are  related  in  the  most  immediate  and 
special  way  to  all  mental  phenomena,  and  that  what  takes  place  in 
material  elements  outside  of  the  cerebrum  (including  the  elements 
of  the  other  portions  of  the  nervous  system)  has  an  effect  upon  con- 
sciousness only  in  case  it  gets  itself  represented,  as  it  were,  in  the 
corresponding  cerebral  processes.  As  to  a  special  organ  of  con- 
sciousness in  the  brain — that  is,  a  cerebral  area  where  the  mind 
comes  to  consciousness — it  is  not  proper  to  speak 

Accordingly,  the  physical  basis  of  the  different  forms  of  con- 
sciousness is  laid  in  those  cerebral  areas  which  have  been  found 
to  be — or,  though  still  undiscovered,  actually  are — especially  con- 
nected with  these  forms.  But  if  the  question  is  further  pressed  as 
to  the  physical  basis  for  the  activities  of  self-consciousness,  no  answer 
can  be  given  or  even  suggested.  From  its  very  nature  that  mar- 
Tellous  verifying  actus  of  mind  in  which  it  recognizes  itself  as  the 
subject  of  its  own  states,  and  also  recognizes  the  states  as  its  own, 
can  have  no  analogous  or  corresponding  material  substratum.  It 
is  impossible  to  specify  any  physiological  process  representing  this 
unifying  actits  ;  it  is  even  impossible  to  imagine  how  the  descrip- 
tion of  any  such  process  (in  case  we  knew  what  to  attempt  to  de- 
scribe) could  be  brought  into  intelligible  relation  with  this  unique 
mental  power. 

In  general,  concerning  the  physical  condilions  of  consciousness,  it 
is  known  that  they  are  dependent  upon  the  character  and  amount 
of  the  blood-supply.  To  stop  this  supply  is  to  put  an  end  for  the 
time  to  consciousness ;  to  impede  or  corrupt  it  is  to  depress  and  to 
disturb  consciousness ;  to  alter  its  character  is  to  affect,  more  or 
less  promptly  and  profoundly,  the  character  of  consciousness.  The 
character  of  the  circulation  in  the  cerebrum  largely  determines  the 
nature  of  the  phenomena  of  consciousnesa  Quickened  circulation 
here  accelerates  or  agitates  the  circuit  and  time-rate  of  conscious- 
ness ;  slower  circulation  diminishes  and  inhibits  them.  It  has 
been  alleged  by  Mosso  that  certain  changes  in  the  relative  circula- 
tion of  the  human  body  occur  when  the  attention  is  occupied  in- 
tensely either  with  external  impressions  or  with  psychical  work. 
Such  observations  are  not  as  yet  extended  and  accordant  enough 
to  command  imhesitating  assent  to  the  details  of  their  results. 

§  14.  The  other  group  of  so-called  higher  mental  phenomena 
frhich  admits  of  the  most  of  probable  conjecture  regarding  the  uat- 
ture  of  its  physical  basis  comprises  Memory,  as  retentive  and  re- 
85 
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productiye,  and  the  laws  of  the  Association  of  Ideaa  The  ezperienee 
of  consciousness  is  one  of  a  constantly  changing  succession  of  stateib 
The  rise  and  fall  in  voluntary  or  iQToluntary  attention,  and  the 
change  of  its  direction,  are  accompanied  by  a  continual  alteration 
of  the  phases  and  of  the  circuit  of  conscionsnesa  Of  these  shifting 
mental  states  certain  ones  bear  the  peculiar  mark  of  a  claim  to  rep- 
resent previous  states  of  consciousness,  in  some  regard  and  to  some 
extent  similar  to  themselves  The  image  of  memory  is  itself  a  prod- 
uct, a  phase,  of  present  consciousness ;  it  is  not  itself  of  the  past, 
and  yet  it  claims,  by  virtue  of  its  essential  character,  to  stand  for 
the  past  This  claim  can,  of  course,  in  no  instance  be  verified  hj 
carrying  the  consciousness  back  to  that  past ;  we  are  never  able  bj 
attentive  apperception  to  compare  the  image  of  memory  with  its 
alleged  original  and  thus  make  sure  of  the  validity  of  the  claim. 
Experience  also  teaches  us  that  the  mental  images  do  not  come 
and  go  whoUy  at  random  and  irrespective  of  the  characteristic  con- 
tent of  such  as  are  most  closely  connected  in  time.  That  these 
images  are  associated  in  time  is  a  part  of  the  fundamental  fact  of 
memory;  mental  states  are  not  states  of  memory  without  jootf 
more  or  less  definite  localization  of  the  ideas  thus  presented  to  the 
mind  with  reference  to  its  past 

Further  examination  of  the  particular  character  of  the  idees 
which  most  frequently  occur  simultaneously,  or  in  closest  sucoee- 
sion,  has  given  rise  to  the  assumption  that  the  images  of  memoiy 
are  associated  in  a  regular  way.  Hence  those  general  facts  of  per- 
chology  called  the  **  laws  of  the  association  of  ideas.'*  From  the 
phenomena  of  memory  and  reminiscence,  as  experienced  in  the 
consciousness  of  the  individual,  arises  the  belief  that  the  objects  of 
past  experience  are  retained  in  the  mind,  and  that  they  sugge^  each 
other  (at  least  ordinarily)  in  some  orderly  way.  But  properij 
speaking,  the  **  retention  "  of  states  of  consciousness,  whether  of 
ideas  or  of  presentations  of  sense,  is  not  a  faculty  or  power  of 
mind.  To  ask,  Where  is  the  idea  I  once  had,  or  the  object  i  once 
saw,  between  the  time  of  the  original  experience  and  the  time  of 
recall,  is  to  ask  a  question  that  can  have  only  one  answer.  Sadi 
idea  or  presentation  of  sense  is  nowhere,  for  it  does  not  exist  in 
any  sense  of  the  word  whatever.  Both  presentation  of  sense  and 
image  of  memory  are  transitory  phases  of  consciousness,  each  per 
ishes  with  that  phase  of  consciousness  in  which,  and  as  which,  it 
has  its  existence.  It  is  the  power  of  recall  solely  which  induces  us 
to  speak  as  though  the  mental  object  were  retained  or  Xvp^  in  the 
Mind.  It  is  only  in  the  facts  and  laws  of  conscious  reproduction  thai 
any  trace  of  the  activity  of  mind,  as  memory,  is  to  be  found.    Undi 
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"cerebration"  may  be  uncouscious;  there  may  be  considerable 
periods  of  complete  unconsciousness  in  the  daily  life  of  every  indi- 
vidual, as  there  certainly  are  such  periods  occasionally  in  the  lives 
of  some  individuala  But  of  unconscious  retention  or  reproduction 
of  ideas  as  an  activity  of  mind,  there  is  none. 

§  15.  Both  ordinary  observation  and  experiment  in  reaction-time 
indicate  that  the  speed  with  which  the  images  of  memory  vanish 
depends  upon  a  variety  of  circumstances — such  as  individual  pe- 
culiarities, intensity  and  frequency  of  the  repetition  of  the  original 
impression,  condition  of  the  cerebral  centres  and  of  the  conscious- 
ness at  the  time  of  this  impression,  etc.  The  thousands  of  faint 
impressions  which  enter  into  every-day  life  seem  quickly  to  vanish, 
without  leaving  a  trace  behind  in  either  body  or  mind.  But  that 
these  impressions  do  linger  for  a  time  in  memory,  as  we  say,  or 
are  reproducible  in  consciousness  under  the  form  of  images  of 
memory,  there  can  be  no  doubt  For  example,  if,  while  one  per- 
son is  intently  counting  the  lines  of  a  page  or  adding  a  column  of 
figures,  another  near  by  makes  some  slight  motion,  the  image  of 
the  motion  in  the  mind  of  the  former  may  be  recalled  within  a  few 
seconds  of  the  occurrence  ;  a  little  later,  however,  such  an  image 
may  have  so  completely  vanished  that  the  observer  will  declare  the 
motion  was  not  noticed  at  alL'  The  vividness  of  fresh  images  of 
memory  may  be  so  great  as  even  to  make  it  difficult  to  distinguish 
them  from  true  presentations  of  sense.  But  even  in  the  case  of 
impressions  made  clear  and  strong  by  the  strenuous  concentration 
of  attention,  the  vividness  of  the  image  of  memory  diminishes  at 
first  very  quickly.  Even  in  such  a  case  the  so-called  "  primary  " 
image  of  memory  may  not  last  beyond  a  few  minutes ;  while  in 
cases  where  there  is  little  attentive  apperception  this  image  van- 
ishes in  a  few  seconda"  Let  a  line  of  given  length  be  regarded  for 
a  brief  time,  then  removed,  and  after  a  varying  interval  the  effort 
made  to  recall  its  image  so  as  to  compare  it  accurately  with  another 
line  of  nearly  the  same  length.  It  will  be  found  that  the  clearness 
of  the  image  of  memory,  which  quickly  falls  off  at  first,  falls  off 
afterward  more  slowly,  and  finally  approximates  more  nearly  to  a 
stationary  condition.  Lotze '  has  insisted  upon  the  caution  that 
we  should  not  confuse  the  clearness  of  ideas  with  their  intensity  ; 
the  idea  of  the  most  intense  brightness  is  not  intensely  bright.  Yet 
we  cannot  agree  with  Lotze  in  the  opinion  that  the  ideating  activity, 
when  applied  to  the  recall  of  sensations,  does  not  differ  in  intensity 

'  See  Exner,  in  Hermann's  Handb.  d.  Physiol.,  II.,  ii.,  p.  281  f. 

•  Ck>mp  Fechner,  Elemente  d.  Psycho  ph/sik,  iL,  p.  491. 

*  Outlines  of  Psjrchology,  p.  28  f. 
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as  well  as  in  cleameaa  Beddes  the  difference  in  Uie  clearness  wiih 
which  two  persona,  for  example,  remember  a  mosaic  of  oolorsy  as  re- 
spects all  the  details  of  what  particular  colors  were  arranged  in  what 
particular  order,  there  is  also  a  diffiurence  in  the  strength  which  the 
various  revived  images  of  the  colors  have  in  the  two  conacionsnesses. 

§  16.  That  the  mental  phenomena  which  lead  us  to  speak  of  the 
retentive  power  of  memory  have  a  physical  basis  there  can  be  no 
doubt     This  conclusion  is  warranted  by  the  nature  of  the  phenom* 
ena  themselves,  by  the  impossibility  (already  alluded  to)  of  con- 
ceiving of  a  permanent  modification  of  imconscious  mind,  and  by 
all  that  we  know  of  the  principles  of  biology  in  general  and  of  hu- 
man physiology  in  particular.     Every  sensory  impulse,  and  every 
coriUbination  of  such  impulses,  must  produce  changes  both  in  the 
end-organs  and  in  the  central  organs  ;  and  although  these  changes 
vanish,  so  far  as  their  effect  in  the  corresponding  phenomena  of 
conscious  mind  is  concerned,  they  nevertheless  cannot  fail  to  leave 
the  organs  in  different  condition  from  that  in  which  they  found 
them.     As  a  matter  of  course,  the  effect  of  stimulus  upon  every 
end-organ  of  sense  consists  in  the  production  of  molecular  changes, 
which,  on  account  of  the  principle  of  inertia  as  applied  to  such  or- 
gan, continue  for  a  time  after  the  stimulus  has  been  removed.    Of 
this  fact  the  existence  of  the  after-images  on  the  retina  is  the  most 
notable  eiuimple.     The  successiye  stages  passed  through  by  the  sf- 
ter-images,  both  positive  and  subsequently  negative,  are  themselves 
indicative  of  a  series  of  molecular  changes  set  up  by  the  action  of 
the  stimulus.     But  the  effects  of  stimulus  must  also  be  felt  in  the 
production  of  molecular  changes  in  the  central  organs,  in  the  nerve- 
elements  (especially  the  nerve-cells)  of  the  cerebral  hemispheres, 
if  the  sensory  impulses  are  to  result  in  conscious  sensation  and  per- 
ception.    Experience  would  then  lead  us  to  infer,  further,  that  each 
combination  of  sensations  produces  changes  in  the  cerebral  hemi- 
spheres which  outlast  the  action  of  the  stimulus  upon  the  end-organ 
of  sense.     A  study  of  consciousness,  simply  as  consisting  of  chang- 
ing sensations  and  i>erccptions,  might  appear  to  indicate  that  the 
after-forms  of  molecular  changes  themselves  die  out  and  leave  the 
end-organs  and  cerebral  centres  in  precisely  the  same  conditicm 
as  before.     But  the  formation  of  habiU  of  perception  and  motion, 
the  phenomena  of  conscious  mental  reproduction,  and  "the  general 
principles  of  molecular  science  as  appUed  to  the  nervous  mechan- 
ism, suggest  and  enforce  another  view. 

Certain  expciiences  in  the  use  of  the  senses  show  that  molecular 
activities  induced  in  the  end-organs  by  stimulation  may,  under  cer- 
tain circumstances,  persist  much  longer  than  we  are  at  first  inclined 
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to  suppose.  For  example,  a  stucly  of  the  after-images  left  by 
strong  impressions  on  the  retina  shows  that  traces  of  them  recur 
again  and  again,  even  several  minutes  after  the  eyes  have  been 
dosed.  Prolonged  work  with  the  microscope  will  cause  the  images 
seen  in  its  focus  to  "  live  in  the  fundus  of  the  eye  "  so  that,  after 
several  hours,  shutting  the  eyes  will  cause  these  images  to  reappear 
with  great  distinctness.  Of  a  similar  kind  is  our  experience  with 
sounds — the  rattle  of  the  railroad-car  after  a  long  journey,  the  im- 
pressive cries  or  words  to  which  we  have  listened,  the  successive 
notes  and  chords  of  the  musical  composition  heard  at  a  concert, 
seem  to  be  repeated  in  the  ear  for  hours  after  the  primary  sensa- 
tions have  subsided.  According  to  Dr.  Moos,'  after  long  musical 
s6anoes  the  sounds  persisted  for  fifteen  days  in  one  patient ;  and  a 
professor  of  music  was  accustomed  to  hear  over  again  the  notes 
Boimded,  for  several  hours  after  each  lesson.  After  startling  and 
impressive  experiences  with  different  kinds  of  sense-percepts — 
sounds,  sights,  etc. — it  is  not  an  uncommon  thing  for  the  same 
bodily  affections  to  recur  with  such  vividness  as  to  make  it  almost 
impossible  at  the  instant  to  distinguish  them  from  fresh  experi- 
ences of  the  same  kind. 

Moreover,  all  those  inherited  and  acquired  unconscious  habits  of 
motion,  with  which  the  study  of  the  nervous  mechanism  has  already 
made  us  familiar,  imply  that  the  effects  of  repeated  stimulations 
persist  in  the  molecular  constitution  and  tendencies  to  molecular 
change  of  the  nervous  substance  of  the  central  organs.  The  puppy 
which  has  inherited  a  brain  and  spinal  cord  embodying  the  habits 
of  his  race,  and  the  trained  gymnast  or  skilled  player  on  a  musical 
instrument,  alike  illustrate  this  principle  of  stored  and  organic  ex- 
perience as  pertaining  to  the  elements  of  the  nervous  system.  The 
general  principle  of  molecular  science,  which  finds  numerous  ex- 
amples both  in  inorganic  chemistry  and  in  biology,  compels  a 
similar  conclusion  as  to  the  physical  basis  of  memory.  The  estab- 
lished practice  of  photography  depends  upon  the  fact  that  a  plate 
of  dry  collodion,  after  being  briefly  exposed  to  the  sun's  rays,  re- 
tains for  weeks,  in  the  darkness,  the  effects  of  the  indescribably  deli- 
cate changes  which  have  been  brought  about  in  it*  The  "  latent 
image  **  contained  in  it  may  be  revived  by  proper  treatment.  The 
phenomena  of  phosphorescence,  also,  show  that  the  impressions  of 
the  luminous  undulations  persist  in  certain  bodies  for  a  consider- 
able time  after  these  undulations  themselves  have  ceased  acting. 
Niepce  de  Saint- Victor '  has  shown  that  such  undulations  may  be 

'  So  LujB,  The  Brain  and  its  Fanctions,  p.  13G. 

'  Comptes-rendofl de rAeademie  des  Sciences,  xlv.,  p.  811  ;  and  xlvi.,  p.  448. 
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**  to  8ome  extent  garnered  up  in  a  sheet  of  paper,*  ready  to  be  re- 
vealed at  the  call  of  special  reagenta  Inasmuch  as  the  nerroos 
system  consists  of  an  inconceivably  complicated  and  delicate  molec- 
ular mechanism,  every  element  of  which  may  be  regarded  as  a 
highly  complex  molecular  structure,  it  may  well  be  expected  to  ac- 
complish much  more  wonderful  results  than  the  plate  of  dry  ocA- 
lodion  or  sheet  of  paper,  in  the  way  of  storing  up  for  future  de- 
mand the  results  of  the  impressions  made  upon  it  We  may  even 
go  so  far  as  to  say  that  the  retentive  power  of  this  molecular  mech- 
anism is  perfect ;  that  it  never  loses  entirely  the  eff^ed  of  any  im- 
pression once  made  upon  it. 

§  17.  In  view  of  such  considerations  as  the  foregoing  it  has  been 
proposed  by  some  writers  to  regard  memory  simply  as  one  phase 
of  Uie  general  biological  fact,  as  a  particular  form  of  synthesis  ''of 
one  of  the  primordial  properties  of  the  nervous  elementa"  Con- 
scious memory  is  then  considered  as  *'  a  phosphorescence  of  the 
nervous  elements  "  plus  consciousness ;  and  this  power  of  these 
elements  itself  is  to  be  called  a  power  of  "  unconscious  remims- 
cences  "  (M.  Luys)  or  an  **  organic  memory  *'  (Bering  and  M.  Ribot). 
But,  while  admitting  the  general  fact  of  molecular  science,  and  the 
application  of  it  to  the  phenomena  of  habit  in  the  nervous  mechan- 
ism as  contributing  something  to  the  description  of  the  physical 
basis  of  conscious  memory,  it  is  wise  to  refuse  to  use  such  terms  as 
the  foregoing.  For  these  terms  are  not  needed  to  state  the  facts ; 
of  themselves  they  lend  nothing  to  the  desired  explanation,  and 
they  are  liable  to  lead  to  serious  confusion.  **  Organic  "  memory, 
or  the  habitual  mode  of  the  behavior  of  the  nervous  system,  to- 
gether with  that  tendency  to  reproduce  the  mode  which  belongs 
to  all  habits,  when  minus  consciousness,  is  not  memory  at  all ;  it 
bears,  indeed,  no  resemblance  to  memory.  ''  Unconscious**  remims- 
cence,  regarded  as  a  function  of  material  elements,  is  not  reminis- 
cence at  all. 

Moreover,  when  we  inquire  as  to  precisely  what  constitutes  this 
wonderful  power  of  conserving  the  results  of  molecular  changes 
induced  by  the  action  of  stimuli,  which  the  nervous  system  pos- 
sesses, we  find  it  impossible  to  give  a  wholly  satisfactory  answer. 
The  most  plausible  answer  consists  in  inferences  touching  the 
highly  probable  application  of  certain  biological  laws  to  the  special 
case  of  the  nervous  system,  regarded  as  furnishing  a  physical  basis 
for  the  phenomena  of  memory.  The  general  fact  from  which  these 
inferences  take  their  point  of  starting  is  undoubted ;  the  entire 
nen'ous  mechanism  must  be  regarded  as  a  vast  system  of  interrelated 
elements  (nerve-fibres  and  nerve-cells),  each  of  which  must  also  be 
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regarded  as  a  system  of  interrelated  molecules.  The  excitation  and 
propagation  of  nerve-commotion  consists  in  producing  and  continu- 
ing changes  in  the  atomic  structure  and  mutual  relations  of  these 
moleculea  In  order  to  account  for  that  **  bent,''  direction,  or  ten- 
dency  to  act  in  a  certain  way,  which  all  ?iabit  of  the  nervous  system 
presupposes,  the  internal  molecular  alteration  of  the  nervous  ele- 
ments, especially  of  the  individual  nerve-cells,  has  to  be  assumed. 
But  the  power  of  propagating  their  kind  belongs  to  these  individ- 
ual nerve-cells ;  and  it  is  likely  that  all  the  essential  principles  of 
heredity  and  evolution  apply  to  the  exercise  of  this  power  in  the 
case  of  these  cella 

The  biological  laws  which  control  the  nutrition  of  living  organ- 
isms also  have  an  application  to  the  nervous  elements.  The  exer- 
cise of  any  of  the  nerve-cells  or  groups  of  nerve-cells  of  which  the 
end-organ  or  the  central  organ  is  composed  tends  to  enlarge  them 
by  appropriation  of  the  nutriment  brought  to  them  in  the  blood- 
supply.  Such  nutrition,  however,  ¥rill  necessarily  be  dependent, 
for  the  special  type  which  must  characterize  its  manner  of  building, 
upon  the  acquired  molecular  character  of  the  cells  that  build  the 
new  material  into  themselves.  And  when  the  ceUs,  thus  enlarged 
and  molecularly  altered  according  to  the  character  and  amount  of 
their  exercise,  multiply  themselves,  their  offspring  of  new  cells  will 
necessarily  come  under  the  general  principle  of  heredity  in  its  ap- 
plication to  all  living  cella  Accordingly,  three  things  must  be 
ta)cen  into  the  account  when  considering  what  has  been  called 
(in^tly,  as  we  believe)  "  organic  memory,"  namely :  (1)  The  en- 
largement of  the  single  cells  or  fibres  of  which  the  organ  is  com- 
}K>6ed  ;  (2)  the  multiplication  of  these  elements  so  that  new  cells 
and  fibres  originate  under  the  laws  of  heredity ;  (3)  the  internal 
molecular  alteration  of  the  nerve-cells  and  nerve-fibres.' 

§  18.  Furthermore,  it  is  certain  that  the  unity  and  continuity  of 
the  nervous  system  is  such,  even  with  respect  to  its  individual  cells^ 
that  alterations  in  one  group  of  elements  involve  alterations  in 
other  groups.  Indeed,  it  is  much  more  difficult  to  predict  where 
such  sympathetic  alteration  will  end  than  to  affirm  that  it  certainly 
must  begin  and  proceed  to  considerable  leDgth&  The  phenomena 
of  aphasia,  for  example  (see  chap.  XL,  §§  25  ff),  indicate  how  many 
and  intricate  are  the  ways  in  which  those  elements  of  the  central 
organs  must  be  internally  connected  and  related  that  constitute  the 
physical  basis  of  the  memory  as  retentive  and  reproductive  of  the 
ideas  and  symbols  of  articulate  speech.     The  phenomena  occurring 

'  Sea  the  Yortfag  of  E.  Hering,  Ueber  d.  Gedachtniss  als  eine  allgemeine 
Fonotion  d.  organisirten  Materie.    Wien,  1876. 
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in  other  diseases  than  aphasia,  and  in  so-called  '^freaks  *  of  mem- 
ory,  clearly  indicate  the  same  tmUL  Bat  no  attempt  to  bring 
these  phenomena  under  any  strictly  scientific  formulas  has  hitherto 
been  rewarded  with  any  considerable  success.  By  continual  cor- 
related action  on  the  part  of  groups  and  areas  of  nerrons  elements 
more  or  less  remotely  situated,  such  elements  become  in  some  sort 
associated  together  ;  being  thus  associated  together,  they  tend  to 
act  together  for  mutual  helpfulness  and  modification  (that  is,  to 
intensify,  inhibit,  or  characteristically  alter  each  other),  whenerer 
either  one  is  in  any  manner  roused  to  yield  up  the  energy  it  has  in 
store. 

The  physical  basis  of  memory  as  retentiye  is  therefore  laid  in 
the  habit,  or  acquired  tendency,  of  the  elements  of  the  nerrous  sys- 
tem— both  as  respects  the  molecular  constitution  of  the  indindual 
elements,  and  also  as  respects  the  association  of  gronpe  of  theee 
elements  more  or  less  distant  from  each  other.  Each  element  of 
this  system,  especially  in  the  more  significant  of  its  central  organs, 
may  be  considered  as  a  minute  area  intersected  by  an  indefinite 
number  of  curves  of  different  directions  and  orders ;  thus  a  molec- 
ular commotion  in  any  such  area  may,  according  to  its  character 
and  point  of  greatest  intensity,  run  out  into  the  system  along  any 
one  of  these  many  curye&  In  every  such  small  fragment  "  the 
whole  curve  slumbers,"  although  the  microscope  of  the  histologist 
cannot  detect  the  full  significance  of  the  fragment  or  distingmsh 
it  from  similar  fragments  of  other  curves  intersecting  each  other  in 
the  same  area.' 

§  19.  The  nature  of  the  physical  basis  of  memory  considered  as 
9'^productive,  under  the  so-called  laws  of  association,  is  even  more 
purely  conjectural  than  that  of  memory  considered  as  retentive. 
To  s^^eok  of  an  excitation  as  imprinting  itself  upon  the  cerebral 
cells,  and  **  perpetuating  itself  in  them  in  the  form  of  persistent 
vibrations,"  or  to  imply  that  mental  reproduction  is  only  the  weaker 
*'  echo  "  of  these  vibratory  conditions,  to  persist  in  which  is  the 
mysterious  property  of  all  the  nervous  elements — as  does  M.  Lnys  * 
— is  neither  gooil  physics  nor  good  psychology.  The  nature  of 
nerve-commotion,  so  far  as  we  know  anything  about  it,  is  not  such  as 
fitly  to  be  described  by  the  word  "  vibrations ;"  and  that  the  forma 
of  nerve-commotion,  even  if  properly  described  by  this  word,  do  not 
"  persist "  within  the  cells,  there  is  every  reason  to  believe.  Mach 
more  unobjectionable  is  the  language  used  by  M.  Ribot '  to  describe 

1  A  figure  of  speech  adapted  from  Hering.  Ueber  d.  Oedachtniss,  etc ,  pi 
15  f.  *  See  The  Brain  and  its  Functions,  p.  147  1 

*  Diseases  of  Memory,  p.  26  f. 
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the  oonjeotural  physical  basis  of  the  same  psychical  phenomeoa. 
According  to  the  hypothesis  of  this  authority,  **  determinate  associa- 
tions," or  "dynamic  affinities,"  are  formed  among  the  nervous 
elements  by  their  acting  together;  by  repetition  these  affinities 
may  become  as  stable  as  are  the  primitive  anatomical  connections 
Such  "  dynamical  associations  have  a  much  more  important  part  tb*^ 
play  in  conscious  memory  than  in  organic  memory."  A  rich  and 
extensive  memory  is  not  a  coUection  of  impressions  (for  all  such 
terms  as  "impression,"  "imprint,"  "registration,"  eta,  are  inap- 
plicable to  the  case),  but  an  accumulation  of  those  dynamical  asso- 
ciations that  are  "  very  stable  and  very  responsive  to  proper  stim- 
uli" The  recurrence  of  some  ideas  rather  than  others,  as  started 
by  this  or  that  sensuous  impression  or  other  phase  of  conscious- 
ness, would  then  depend  upon  the  character,  number,  and  strength, 
respectively,  of  the  different  "  dynamical  associations" 

g  20.  According  to  the  physiological  theory  of  memory,  forget- 
fulness,  or  loss  of  memory,  is  to  be  accounted  for  as  the  result  of 
the  process  of  dissolution.  As  says  M.  Bibot :*  "To  live  is  to  ac- 
quire and  lose  ;  life  consists  of  dissolution  as  well  as  assimilation. 
Forgetfulness  is  dissolution."  A  large  amount  of  such  "  forgetful- 
ness  "  must  then  be  considered  as  indispensable  to  the  exercise  of 
memory  ;  for  if  all  the  alterations  of  the  intermolecular  constitution 
of  the  nerve-cells  were  alike  conserved  and  propagated,  and  if  all 
the  dynamical  associations  among  the  different  more  or  less  remote 
groups  of  these  cells  were  equally  stable,  there  could  be  no  basis 
laid  for  specific  and  characteristic  rejyroductkm  of  the  images  of 
memory.  The  survival  of  any  of  these  associations  involves  the 
dissolution  of  many  others  Under  this  general  fact  of  the  condi- 
tions of  forgetfulness  the  phenomena  of  those  sudden  losses  and 
disturbances  which  lesion  of  the  cerebral  substance  often  produces 
must  be  brought.  Temporary  forgetfulness  or  disturbance  of 
memory  may  be  assumed  to  be  connected  simply  with  such  func- 
tional derangement  of  the  cerebral  centres  as  interferes  with  the 
working  of  the  customary  "  dynamical  associations  "  among  the 
nervous  elements  of  which  these  centres  are  composed,  or  with 
which  they  are  regularly  connected. 

§  21.  No  good  ground  exists  for  speaking  of  any  special  organ  or 
seat  of  memory.  Every  organ — indeed,  every  area  and  every  ele- 
ment— of  the  nervous  system  has  its  own  memory,  Tliis  view  be- 
longs to  the  very  essence  of  every  theory  which  considers  conscious 
mental  reproduction  as  only  one  form  or  phase  of  the  biological 
fact  of  "  organic  memory."    We  might  properly  speak,  then,  of  the 

1  Diseases  of  Memory,  p.  61. 
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memory  of  the  end-organ  of  vimon  or  of  hearing,  of  the  mmncsj 
of  the  spinal  cord  and  of  the  different  ao-called  **  centres  "  of  reflex 
action  belonging  to  the  cord,  of  the  memory  of  the  medulla  ob- 
longata, the  ocrebellnm,  et&  Bui  if  only  the  eeiebcal  hemispheres 
are  specially  and  directly  related  to  the  phenomena  of  eonacioiu- 
ness,  then  it  is  only  the  organic  memory  of  these  hemispheres 
which  can  be  spoken  of  as  the  physical  basis  of  our  memory.  For 
only  the  molecular  constitution  and  dynamical  associations  of  the 
nervous  elements  of  this  organ  can  immediately  detmnina  ti» 
character  of  conscious  mental  reproduction. 

Much  of  the  foregoing  language  arouses  a  protest  against  such  a 
misuse  of  psychological  terma  The  fact  that  repeated  action  un- 
der stimulation  of  the  nerve-cells  of  the  cerebral  cortex  results  in 
a  modification  of  their  molecular  constitution,  and  in  the  establish- 
ment of  certain  tendencies  to  associnted  action  among  them,  is 
doubtless  a  biological  fact  It  is,  perhaps,  most  important  in  Itj- 
ing  the  physical  basis,  in  determining  the  physical  antecedents  and 
concomitants  of  memory ;  but  it  is  not  in  any  sense  a  fsuci  of  mem- 
ory. It  is  no  more  fitly  called  ''  organic  memory  "  than  are  the 
molecular  alterations  produced  by  generations  of  use  in  the  wood 
of  an  old  Cremona.  The  changes  in  nerve-cells  are  indeed  far  dif- 
ferently related  to  memory  from  the  changes  that  take  place  in  the 
molecules  of  the  violin  ;  but  it  is  only  the  addition  of  conaciousneu 
to  the  whole  transaction  that  gives  us  any  right  to  characterize  it  by 
the  word  "  memory." 

§  22.  Just  as  there  is  no  such  experience  as  that  of  willing  in 
general,  so  there  is  no  such  experience  as  that  of  remembering  in 
general  The  image  of  memory  always  possesses  certain  chanteter- 
istic  features ;  and  if  it  be  an  image  representing  the  percept  of 
some  one  of  the  special  senses,  its  features  are  determined  by  the 
nature  of  the  percept  which  it  represents.  There  is  sound  reason 
for  the  customary  form  of  speech  which  recognizes  a  good  or  bsd 
''  memory  of  the  ear,"  of  the  eye,  etc.  Such  phrases  mi^t  fitly  be 
extended  to  all  the  forms  of  sensation  and  perception ;  and,  indeed, 
to  all  the  mental  experiences  capable  of  being  represented  by  the 
images  of  memory.  It  would  be  equally  fitting  to  speak  of  a  good 
memory  of  the  fingers,  of  the  tongue,  of  the  larynx  and  other  or- 
gans of  speech,  etc.  Inasmuch  as  the  sensations  which  arise  in, 
aud  the  movements  which  ore  imparted  to,  all  these  peripheral  por- 
tions of  the  body  have  their  representatives  in  certain  cerebnl 
areas,  the  pbysical  conditions  of  the  images  of  memory  (the  pbysicsl 
basis  of  the  different  kinds  of  memor}')  are  undoubtedly  laid  in  these 
same  areas.     There  is  no  one  place  where  memory,  par  excellence. 
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IB  at  home  in  the  bimn ;  or  from  which  it  rules  the  different  organs 
of  expression  by  making  involuntary  or  Tcdimtary  sallies  forth,  as  it 
were.  Yet  the  memory  of-  any  one  thing  or  event  invohres  ao  many 
complex  and  closely  related  activities  of  mind — ^and  doubtless  also 
of  the  brain — that  it  is  impossible  to  tell  how  far  weakness  or  dis- 
turbance set  up  at  any  single  point  may  succeed  in  spreading  itself. 

As  to  the  physical  basis  for  characteristic  weaknesses  or  excel- 
lences of  memory  (such  as  the  inability  or  marked  ability  to  remem- 
ber names»  or  dates,  etc),  and  for  those  apparent  freaks  of  mem- 
ory which  some  emotion  or  bodily  disturbance  may  produce,  little 
can  be  affirmed  with  confidence.  Where  the  mental  peculiarity  ex- 
tends to  rather  a  large  range  of  subjects,  such  as  come  under  one  spe- 
cial sense,  or  under  one  of  the  more  general  forms  of  tbe  operation 
of  one  sense,  the  natural  constitution  or  acquired  condition  of  the 
particular  organs  involved  may  be  assumed  to  be  peculiar.  The 
phrases,  "  a  good  .ear  "  for  music,  "  a  good  eye  "  for  form,  color, 
proportion,  or  whatever  is  visible,  have  doubtless  both  a  psycho- 
logical and  a  physiological  significance.  But  what  reason  should 
exist  in  the  brain  why  some  particular  date  or  name  should  re- 
peatedly slip  away  beyond  the  power  of  attention  to  recall  it  (Forbes 
Winslow  tells  of  a  man  who,  after  a  fever,  lost  all  knowledge  of  the 
letter  F),  while  other  dates  or  names  in  which  we  have  had  little  in- 
terest cling  so  as  to  make  it  difficult  to  be  rid  of  them,  even  conject- 
ure fails  to  make  evident  That  there  is  such  physical  reason,  how- 
ever, the  phenomena  of  aphasia,  and  of  other  diseases  of  memory,  as 
well  as  the  results  of  experimentation  upon  animals  for  tbe  locali- 
zation of  cerebral  function,  all  seem  strongly  to  indicate.  The  physi- 
cal reason  for  those  times  of  general  depression  or  exaltation  of  con- 
scious memory,  with  which  almost  all  persons  are  familiar,  is  less 
difficult  to  assign.  Such  reason  is  to  be  found  chiefly  in  the 
changes  of  character  and  quantity  suffered  by  the  blood-supply  of 
the  cerebral  areas — especially  in  their  effect  upon  the  extremely 
sensitive  nerve-cells  which  abound  there. 

All  calculations  as  to  the  possibility  of  representing  all  the  in- 
dividual ideas  and  images  of  memory  by  one  or  more  nerve-cells 
and  nerve-fibres  each,  we  regard  as  wholly  useless — whether  the 
number  of  nerve-cells  in  the  cerebrum  be,  as  Meynert  calculates, 
600,000,000,  or  even  many  more,  as  Lionel  Beale  supposes.  Every- 
thing which  psychology  teaches  as  to  the  cliaracter  of  the  mental 
phenomena,  and  everything  which  physiology  teaches  as  to  the 
nature  of  the  cerebral  functions,  discourages  the  puerile  attempt  to 
connect  separate  mental  images  or  ideas  with  isolated  nerve-cells 
as  their  product 
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§  23.  It  win  doabtkn  occur  to  thonghtfal  readers  that  noUuDg 
which  has  thus  far  been  said  conoeming  the  physical  basis  of  witt 
and  memorj  is,  in  anj  true  sense  of  the  word,  an  explanatioii  of 
these  mental  activities.  In  what  sense  physiological  psychdogj 
can  be  said  to  explain  any  mental  phenomena  we  shall  oonsidev 
elsewhere.  Bat  in  the  particolar  case  of  memory,  for  ezampla, 
none  of  the  relations  conjectured  as  probably  existing  between  the 
molecular  constitution  and  dynamical  associations  of  the  cerebnun, 
on  the  one  hand,  and  the  facts  of  oonscioas  experience,  on  ths 
other  hand,  eren  on  the  supposition  that  these  conjectured  rdft* 
tions  were  all  demonstrated  facts  of  psycho-physical  science,  would 
amount  to  anything  approaching  the  character  of  an  explanation 
For  none  of  these  physical  conditions  immediately  concerns  the 
Terr  mental  actiyitr  which  constitutes  the  essence  of  coruscious  mem- 
ory.  VThai  is  explained,  if  anything,  is  simply  why  I  remember 
one  thing  rather  than  another — granted  the  mintfs  power  to  remember 
at  all.  This  power  is  a  spiritual  activity  wholly  sui  generis,  and  in- 
capable of  being  conceived  of  as  flowing  out  of  any  physical  condi- 
tion or  mode  of  energy  whatever. 

The  truth  of  the  position  just  taken  may  be  enforced  (among 
other  considerations)  by  certain  conclusions  which  resulted  from 
our  psycho-physical  study  of  perception.  In  the  study  of  percep- 
tion psycho-physics  can  do  much  toward  a  scientific  explanation. 
It  can  tell  what  qualities  of  stimuli  produce  certain  qualities  of 
sensations ;  it  can  suggest  a  principle  relating  the  quantity  of  the 
stimuli  to  the  intensity  of  the  sensation ;  it  can  investigate  the  laws 
under  which,  by  combined  action  of  various  excitations,  the  sensa- 
tions are  combined  into  presentations  of  sense  ;  it  can  show  how 
the  time-relations  of  the  sensations  and  percepts  in  consciousness 
correspond  to  the  objective  relations  in  time  of  the  stimulationa 
But  for  that  spiritual  activity  which  actually  puts  together  in  con- 
sciousness the  sensations,  it  cannot  even  suggest  the  beginning  of 
a  physical  explanation.  Moreover,  no  cerebral  process  can  be  con- 
ceived of  which — in  case  it  were  known  to  exist — could  possibly 
be  regarded  as  a  fitting  physical  basis  for  this  unifying  actus  oi 
mind.  Thus  also,  and  even  more  emphatically,  must  we  in&ist 
upon  the  complete  inability  of  physiology  to  suggest  an  explana- 
tion for  conscious  memory,  in  so  far  as  it  is  memory — that  is,  in  so 
far  as  it  most  imperatively  calls  for  explanation. 

Any  example  of  an  act  of  memory  will  serve  to  illustrate  the  fore- 
going truth.  Let  it  be  supposed  that  one  has  looked  for  a  few 
seconds  steadily  at  certain  pickets  of  a  fence  standing  in  the  op^ 
sunlight     On  closing  the  eyes,  the  strong  positive  after-image  of 
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the  object  remains  for  some  aeconda  presented  to  the  mind ;  this 
podtive  after-image  is  then  succeeded  by  a  succession  of  negative 
after-images.  When  these  latter  have  subsided,  one  can  still  i^ecoll 
the  image  of  the  section  of  the  fence  seen  some  minutes  since  ;  one 
can  recall  the  same  image  the  next  day,  or  the  next  week,  or  after  an 
indefinite  length  of  time.  But  a  very  marked  difference  exists  be- 
tween that  which  is  before  consciousness  in  these  cases  of  so-called 
reooUection  and  that  which  was  before  consciousness  while  the  im- 
pression of  sense  was  going  though  its  various  phases  of  dying 
away.  Physiological  explanations,  having  reference  chiefly  to  the 
action  of  the  nervous  elements  in  the  retina,  may  be  given  as  to 
why  the  after-images  are  produced,  and  as  to  why  they  have  the 
order  of  succession  which  actually  belongs  to  them.  Other  physio- 
logical explanations,  having  to  do  chiefly  with  assumed  activities  of 
the  cerebral  nervous  elements,  may  attempt  the  problem,  why  the 
image  of  memory  is  fainter  than  the  original  impression  of  sense,  and 
why  this  image  rather  than  some  other  is  represented  at  a  particular 
time.  But  all  such  psycho-physical  explanation  does  not  touch, 
does  not  even  approach,  the  real  mystery  of  memory.  The  positive 
after-image  of  the  pickets  of  the  fence  is  not  the  same  as  the  per- 
cept which  preceded  it ;  nor  is  it  the  same  as  the  negative  after- 
image, or  the  images  of  memory,  which  follow  it  Yet  all  these 
images  are  regarded  by  the  mind  as  similar  to  the  original  object ; 
indeed,  as  standing  for  it  How  can  they  be  regarded  as  similar 
to  one  another,  and  to  their  common  original,  when  no  two  of  them 
are  at  the  same  instant  before  consciousness  in  order  to  be  com- 
pared together  there  ?  The  very  essence  of  the  act  of  memory  con- 
sists in  the  ability  to  say  :  This  after-image  is  the  image  of  a  per- 
cept I  had  a  moment  since ;  or  this  image  of  memory  is  the  image 
of  the  percept  I  had  at  a  certain  time — I  do  not  remember  precisely 
how  long  since. 

It  would,  then,  be  quite  contrary  to  the  facts  to  hold  that,  when 
the  image  of  memory  appears  in  consciousness,  it  is  recognized  as 
belonging  to  a  particular  original  percept  on  account  of  its  per- 
ceived resemblance  to  this  percept  The  original  percept  does  not 
exist,  and  will  never  be  reproduced.  Even  more  palpably  false  and 
absurd  would  it  be  to  hold  that  any  similarity  of  the  impressions 
or  processes  in  end-organs  or  central  organs  explains  the  act  of 
conscious  memory.  Consciousness,  of  course,  kuows  nothing  of 
such  similarity  in  impressions  and  processes ;  knows  nothing  even 
of  the  existence  of  nervous  impressions  and  processes.  Moreover, 
we  could  never  know  two  impressions  or  processes  that  are  sepa- 
rated in  time  to  be  similar,  without  implying  this  same  inexplicable 
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act  of  memory.  It  is  a  fact  of  oonacioiiaiieflB,  on  which  all  poaai- 
bility  of  connected  experience  and  of  recorded  and  ciunalaliTe  hu- 
man knowledge  is  dependent,  that  certain  phases  or  products  of 
consciousness  appear  with  a  claim  to  stand  for  (to  represent)  psgfc 
experiences  to  which  they  are  regarded  as  in  some  respect  similar. 
It  is  this  peculiar  claim  in  consciousness  which  constitutes  the  » 
9ence  of  an  act  of  memory ;  it  is  this  which  makes  memory  whoOj 
inexplicable  as  a  mere  persistence  or  recurrence  of  similar  impres- 
siona  It  is  this  which  makes  conscious  memory  a  spiritual  phe- 
nomenon, the  explanation  of  which,  as  arising  out  of  nervous  pro- 
cesses and  conditions,  is  not  simply  undiscovered  in  fact,  but 
utterly  incapable  of  approach  by  the  imagination.  When,  then,  we 
speak  of  a  physical  iMisis  of  memory,  recognition  must  be  made  of 
the  complete  inability  of  science  to  suggest  any  physical  proces 
which  con  be  conceived  of  as  correlated  with  that  peculiar  and 
mysterious  aclvs  of  the  mind,  connecting  its  present  and  its  past, 
which  constitutes  the  essence  of  memory. 

§  24.  We  decline  to  enter  upon  the  discussion  of  a  special  physi- 
cal basis  for  the  mind's  power  to  form  generalized  concepts,  to 
combine  the  elements  of  past  experience  into  the  creations  of  in- 
vention and  art,  to  discover  laws,  and  to  reason  about  a  world  of 
reality  assumed  to  exist  ^x^nx-mentally,  or  about  the  nature  aod 
order  of  the  phenomena  of  its  own  consciousnesa  There  is  abso- 
hitely  no  scientific  ground  on  which  to  place  such  a  discussioo. 
A  ])hyRical  Imsis  of  the  logical  faculty,  so  far  as  it  is  a  subject  of 
cither  knowledge  or  conjecture,  is  laid  in  those  general  processes 
of  the  nervous  system  that  are  correlated  vrith  the  elementary  forms 
of  mental  activity  upon  which  the  higher  forms  are  built,  as  it 
were,  or  which  they  presuppose.  Particularly  important  is  the 
function  of  articulate  language  in  serving  as  a  support  for  the  logi- 
cal processes.  But  that  which  is  peculiar  to  all  these  forms  of 
psychical  activities,  and  which  causes  them  to  be  spoken  of  as 
higher  and  more  distinctively  spiritual  faculties,  does  not,  as  such, 
admit  of  l)eing  made  the  subject  of  i>sycho-physical  researches. 
The  attempt  to  deal  \\\ih  this  subject  psycho-physically  only  ledds 
to  a  tedious  and  meaninp^less  repetition  of  the  phrases  and  state- 
ments which  the  paychology  of  consciousness  correctly  employs; 
but  nothing  is  made  the  clearer  by  repeating  words  that  are  only 
applicable  to  psychical  phenomena  in  connection  with  conjectures 
concerniiif::  related  physical  phenomena.  "For  all  the  higher 
spiritual  faculties,"  says  Lotze,*  **  which  consist  in  judgment  of  the 
relations  of  given  conceptions,  we  neither  know  how  empirically  to 

*  Outlines  of  Psychology,  p.  141 1 
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demonstrate  a  definite  bodily  organ,  nor  should  we  know  how  to 
conceive  precisely  what,  that  is  of  any  use,  such  an  organ  could 
contribute  toward  the  solution  of  the  most  essential  part  of  the 
problem — that  is,  the  pronouncing  of  the  judgment  itself.  It  is 
conceivable,  on  the  other  hand,  that  these  higher  activities  might 
presuppose  the  complete  and  clear  representation  of  the  content 
about  which  the  judgment  is  to  be  passed,  and,  consequently,  also 
the  undisturbed  function  of  those  organs  which  contribute,  first,  to 
perception  by  the  senses ;  then  to  its  reproduction  and  combina- 
tion with  other  perceptions ;  and,  finally,  to  the  appropriate  attach- 
ment of  feelings  of  value  to  each  of  them." 


CHAPTER  XX 

CERTAIN    STATICAL   RELATIONS   OF   THE    BODT   AND 

MENTAL  PHENOMENA. 

§  1.  The  intimate  relation  between  the  oonstitation  and  func- 
tional changes  of  the  bodily  structure,  on  the  one  hand,  and  the 
character  and  course  of  the  phenomena  of  consciousness,  on  the 
other  hand,  is  most  easily  made  obvious  by  such  alterations  of  ex- 
perience as  are  connected  with  the  use  of  the  organs  of  sensation 
and  motion.  These  alterations  are  usually  sudden.  Where,  on  the 
contrary,  the  relation  of  body  and  mind  is  stationary,  or  subject  to 
only  very  slow  changes,  it  is  far  less  obvious ;  it  may  be,  indeed, 
completely  hidden  from  our  observation.  The  relation  is  not  for 
this  reason,  however,  any  the  less  certain  and  profoundly  influential 
Indeed,  it  is  just  those  physical  conditions  which  are  part  of  the 
unchanging  equipment  of  our  Uvea  that  most  surely,  though  most 
stealthily,  determine  the  development  of  conscious  experience. 
These  are  the  influences  of  whose  very  existence  we  are  for  the 
most  part  unaware,  and  over  the  effect  of  which  we  have  compara- 
tively httlc  or  no  control  Within  certain  limits,  one  can  deter- 
mine the  character  and  number  of  the  excitations  that  fall  upon 
the  end-organs  of  sense,  and  the  resulting  changes  in  the  movable 
parts  of  the  body ;  one  can  also  regulate  to  some  extent  the  soo- 
ccssion  of  images  of  memory  and  fancy,  and  so  the  character  and 
intensity  of  the  feelings  and  emotions  that  possess  the  field  of  con- 
sciousness. But  one  cannot  determine  one's  own  age,  or  sex,  or 
race,  including  parentage  and  prenatal  and  infantile  environment; 
nor  can  one  choose  one's  temperament.  Yet  how  pervasive,  mighty, 
and  enduring  are  the  unobserved  influences  that  flow  into  the 
conscious  life  of  the  individual  from  age,  sex,  race,  and  tempera- 
ment! 

The  bearing  of  the  foregoing  remarks  might  be  enforced  by 
many  illustrations.  No  one  is  in  need  of  technical  information  to 
assure  him  that  the  character  of  his  consciousness  is  every  instant 
dependent  upon  whether  his  eyes  are  closed  or  open.  That  we 
hear  with  the  ear,  feel  both  the  roughness  and  smoothness  and 
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also  the  heat  and  coolDess  of  objects  with  the  skin,  taste  with  the 
mouth,  and  smell  with  the  nose  are  matters  of  experience  belonging 
to  each  moment  of  our  work-a-day  life.  The  pleasures  and  pains 
of  sense  irresistibly  demonstrate  the  dependence  of  our  mental 
states  upon  the  condition  of  the  body.  Other  common  experiences, 
although  not  arresting  attention  in  the  same  obtrusive  fashion, 
nevertheless  tend  to  confirm  the  same  impression.  The  disturb- 
ances of  consciousness  which  follow  the  altered  bodily  condition  of 
sleep  are  too  much  an  afiair  of  daily  experience  whoUy  to  escape 
attention.  The  question.  Why  are  dreams  so  queer  ?  taken  in  con- 
nection with  our  observation  of  the  abnormal  state  of  the  sleeper's 
body,  is  necessarily  answered  in  a  way  further  to  emphasize  the 
general  relation  between  bodily  and  mental  states.  Almost  every- 
one has  also  particular  times  of  experience  when  he  is  forced  into 
the  admission  that  the  physical  system  is  to  be  blamed  for  the 
altered  conditions  of  his  mental  life.  The  loss  of  a  night's  rest 
renders  attention  to  work  impossible  on  the  following  day ;  a 
slight  fever  sets  the  train  of  memory's  images  and  fancy's  creations 
into  accelerated  and  altered  movement,  or  throws  it  into  wild  con- 
fusion ;  a  settled  melancholy  comes  as  the  obvious  result  of 
chronic  dyspepsia.  In  these  ways  the  popular  impression  that  the 
body  dominates  the  mind,  and  that  bodily  conditions  determine 
our  feelings  and  thoughts,  is  strongly  corroborated. 

But  other  phenomena  constantly  tend  to  confirm  the  other  popu- 
lar impression,  that  the  mind  dominates  the  body  and  makes  it  the 
servant  of  its  feelings  and  thought&  In  the  ordinary  estimate,  all 
performance  of  physical  work  by  the  body,  when  accompanied  by 
the  feeling  of  effort,  is  an  indisputable  proof  of  the  immediate  in- 
fluence of  the  mind  over  the  body.  It  is  even  more  than  this ;  it 
is  a  proof  that  the  conscious  self,  the  ego,  is  a  source  of  physical 
energy,  which  pours  forth,  as  it  were,  into  the  limbs  and  braces 
them  to  the  appointed  task.  The  thought  of  the  aged  but  vig- 
orous French  philosopher,  who  insisted  upon  remarking  how  weU 
he  carried  his  legs,  rather  than  upon  how  well  theij  carried  him, 
accords  accurately  with  the  popular  impression.  AU  the  cus- 
tomary language  about  looking,  listening,  recalling,  etc.,  as  dis- 
tinguished from  mere  seeing,  heaidng,  and  happening  to  remem- 
ber, also  enforces  the  same  impression.  The  average  man  or 
woman,  whose  life  is  one  of  constant  toil,  is  led  to  say  with  about 
equal  frequency — "  My  limbs  are  tired,  and  /  must  stop  trying," 
or  "  /  am  tired,  but  my  limbs  must  be  made  to  go  on  with  their 
work." 

Other  phenomena  of  an  abnormal  kind  tend  to  confirm  still  f  ur- 
86 
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ther  the  aboTe-meniioned  Tague  popular  iinpression.  Among  them 
may  be  mentioned  the  wonderful  cases  of  so-called  diseases  of  mem- 
ory or  of  will,  and  of  double  personality  or  other  alienations  from 
normal  self-consciousness.  In  such  cases  strange  alterations  of  the 
modes  of  the  mind*s  behavior — alterations  which  appear  to  involre 
the  suspension  or  reversal  of  some  of  those  mental  laws  and  actiTi- 
ties  which  we  are  accustomed  to  consider  among  the  most  funda- 
mental— seem  to  be  connected  with  certain  alterations  of  the  bodily 
organa  The  effect  of  certain  drugs,  through  the  body,  upon  the 
feelings  and  mental  train  gives  other  occasions  for  insisting  upon 
the  dependence  of  the  phenomena  of  consciousness  upon  the  state 
of  the  body.  On  the  other  hand,  hallucination,  hypnotism,  and  the 
yet  more  obscure  phenomena  of  so-called  *'  mind-reading,"  as  weD 
as  all  the  phenomena  to  which  modem  Spiritualism  appeals,  pre- 
sent the  question  to  us  afresh  from  a  somewhat  different  point  of 
view. 

§  2.  It  requires  more  reflection  upon  wider  experience  to  origi- 
nate and  confirm  the  impression  that  all  the  characteristic  experi- 
ences of  the  individual  are  built  upon  a  soUd  and  enduring  basis  of 
common  relations  which  universally  maintain  themselves  between  cer- 
tain types  of  physical  constitution  and  activity  and  certain  correspond- 
ing types  of  the  character  and  action  of  the  mind.  The  development 
of  the  child  is  ordinarily  regarded,  whether  from  the  physical  or  the 
psychical  point  of  view,  in  an  isolate<l  and  disconnected  way.  It  a 
perha|>s  noted  that  he  has  grown  so  much  taller  or  heavier,  or  that 
certain  external  features  of  the  body  are  becoming  relatively  more 
proDounced  ;  it  is  also  noted  that  he  is  learning  to  walk,  to  talk,  to 
take  an  interest  in  certain  things  before  unnoticed,  and  to  remem- 
ber what  he  has  been  taught.  But  the  close  relations  between  the 
bodily  changes  of  advancing  years  and  the  mental  development  of 
the  child  ore  not  (at  least  until  the  age  of  puberty  is  reached)  apt 
to  be  made  the  subject  of  careful  observation.  In  somewhat  the 
same  way  does  ordinary  reflection  deal  with  the  question  as  to  any 
relation  between  the  physical  and  the  mental  peculiarities  of  the 
sexes.  It  is  common  enough  to  note  that  boys  and  girls  do  not^ 
even  in  selecting  and  conducting  their  plays,  act  precisely  alike 
That  the  former  are,  as  a  rule,  taller,  heavier,  coarser,  than  the  hit- 
ter is  patent  to  all  observers.  But  that  the  absolute  and  relative 
development  of  all  the  organs  of  the  male  and  female  is  different, 
and  that  certain  sexual  peculiarities  of  perception,  feeling,  thought, 
and  action  are  constantly  related  to  this  difference,  is  something 
which  few — if  they  even  suspect  it — take  any  pains  accurately  to 
remark  or  describe.     Moreover,  while  almost  all  agree  that  the  psy- 
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chioal  life  of  the  adult  mfide  and  female  is  distiDguished  by  sexual 
peculiarities,  there  is  the  widest  diversity  of  opinion  as  to  the  pre- 
cise nature  and  range  of  these  peculiarities. 

When  the  inquiry  concerns  characteristics  of  both  mind  and 
body  belonging  to  race  and  ancestry,  the  answei-B  given  by  different 
observers  seem  to  lose  all  claim  to  strictly  scientific  quality.  The 
Frenchman  does  not  describe  himself  as  the  Englishman  describes 
him  ;  and  neither  one  of  the  two  can  be  expected  to  agree  with  the 
Russian  as  to  what  are  the  peculiarities  that  characterize  this  last 
type  of  the  human  species.  The  history  of  the  discussion  regard- 
ing the  kinds  and  significance  of  so-called  "  temperaments,"  and 
even  regarding  the  very  existence  of  temperament,  shows  clearly 
how  uncertain  is  this  entire  field  of  research. 

Perhaps  the  most  remarkable  instance  of  firm  conviction  con- 
cerning the  general  fact  that  intimate  relations  exist  between  mind 
and  body,  accompanied  by  the  utmost  vagueness  concerning  the 
precise  nature  of  the  basis  of  such  relations,  may  be  derived  from 
the  ordinary  views  as  to  heredity.  It  is  constantly  being  remarked 
of  children  that  they  resemble  some  one  of  their  ancestors  in  one 
or  more  physical  characteristics.  But  this  remark  is  scarcely  more 
frequent  than  the  corresponding  one  with  respect  to  mental  con- 
stitution or  mental  idiosyncrasies.  Of  course  the  obvious  implication 
is,  that  we  are  to  look  to  the  laws  of  heredity  for  au  account  of  the 
origin  of  both  classes  of  qualities  ;  in  other  words,  both  physical  and 
mental  qualities  are  regarded  as  inherited.  Further  than  this  ad- 
mission ordinary  reflection  upon  experience  with  facts  of  this  order 
does  not  lead  most  men.  It  is  obvious,  however,  that  even  the 
loose  popular  impression  must  be  explained,  if  at  all,  by  insisting 
upon  much  more  numerous  and  intimate  relations  between  body 
and  mind  than  the  impression  would  seem  at  first  to  imply.  For 
how  can  ancestral  characteristics  be  transmitted,  unless  they  are 
potentially  carried  over  in  those  living  cells  from  the  two  parents 
which  actually  fuse  together  in  the  production  of  the  new  life  ;  or 
else  are  also  due  to  the  prenatal  conditions  that  control  the  nutri- 
tion of  the  infant's  body  before  it  separates  from  the  body  of  its 
maternal  ancestor?  But  to  admit  this  is  to  insist  upon  the  pro- 
foundest  connection  between  the  molecular  structure  and  dynam- 
ical associations  of  the  elements  of  the  physical  organism  and  the 
development  of  conscious  life.  It  is  even  to  insist  upon  the 
mysterious  fact  that  the  character  of  the  conscious  life  is  deter- 
mined in  no  small  degree  by  the  statical  peculiarities  of  the  or- 
ganism. 

§  3.  In  general,  it  may  be  said,  then,  that  while  no  doubt  exists 
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in  the  popular  impreflBion  as  to  the  dependence  of  the  mental  life 
upon  the  age,  sexual  differences,  and  inherited  ancestral  qualities  of 
the  bodily  organism,  the  greatest  uncertainty  and  vagueness  eiist 
as  to  the  nature  and  extent  of  such  dependence.  When  this  kind 
of  inquiries  is  brought  to  the  tests  of  science,  it  is  found  that  all 
the  evidence  confirms  the  positive  part  of  the  ordinary  impresBioii ; 
but  it  cannot  be  said  that  any  substitute  for  the  uncertainty  and 
iudefiniteness  of  the  popular  estimate  has  yet  been  found.  The 
reasons  for  this  failure  he  in  the  very  nature  of  the  subject  No 
guidance  by  the  immediate  evidence  of  consciousness  is  possihk 
in  determining  the  nature  of  this  class  of  psychical  phenomena. 
What  it  is  to  will,  to  remember,  or  to  reason,  each  one  trusts  him- 
self to  know  as  a  matter  of  his  own  inner  experience.  But  the  in- 
quiries. How  are  .the  mental  peculiarities  of  the  different  ages,  or 
of  the  two  sexes,  to  be  distinguished  from  each  other  ?  or,  How 
does  a  person  of  this  or  that  race  or  temperament  think,  feel,  and 
act  differently  from  a  person  of  another  race  or  temperament  ?  are 
plainly  not  subjects  for  an  appeal  to  consciousness.  Few  questions 
can  be  raised,  for  example,  about  which  a  wider  diversity  of  view  is 
likely  to  be  evoked,  than  the  question  as  to  how  man  and  wonum 
differ  mentally.  Yet  this  question  must  be  answered,  if  we  are  to 
have  an  answer  to  the  further  inquiry  concerning  the  correlatianB 
between  sexual  differences  of  organism  and  sexual  mental  diifer- 
encea 

The  difficulty  of  simply  getting  at  the  anatomical  and  physio- 
logical facts  necessary  for  an  induction  is  scarcely  less  unmanage- 
able. A  great  amount  of  careful  measurement  and  a  vast  array 
of  statistics  are  necessary  even  to  tell  how  human  beings  differ 
in  the  most  external  features,  at  different  ages  and  as  between 
the  two  sexes.  Certain  data  with  respect  to  the  height^  weighty 
relative  size  of  the  different  external  members  of  the  body,  and  of 
the  brain,  are  obtainable  ;  but  other  data  equally  desirable  are  as 
yet  unattainable.  Concerning  the  nature  of  the  physical  basis  of 
temperament  and  of  personal  idiosyncrasies  we  are  wholly  in  the 
dark. 

There  arc  therefore  many  gaps  and  deficiencies  in  both  the 
physical  and  tlie  psychical  series.  But  where  the  members  of  both 
of  any  two  series  to  be  compared  are  in  this  condition,  the  laws  of 
their  relation  cannot  be  pointed  out  Nothing  remains,  then,  but 
to  guide  ourselves  as  best  we  may  by  general  observation  of  the 
psychical  facts,  and  by  use  of  such  few  statistical  results  as  are 
available.  On  few  ]x>ints  will  precise  conclusions  be  foimd  attain- 
able.     But  the  one  conclusion  of  greatest  value  concerns  the  main 
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poiDt  called  in  question — and  this  is  the  general  fact  of  the  corre- 
lated action  of  the  bodily  organism  and  the  mind  as  the  subject  of 
the  phenomena  of  consciousnesa 

§  4.  Certain  facts  of  general  import,  concerning  the  height, 
weight,  comparative  growth  of  the  members;  size  of  the  brain  and 
organs  of  sense,  etc.,  which  characterize  the  dififerent  Phases  of 
Life  may  be  relied  on  with  considerable  confidence.  The  struct- 
ural and  physiological  development  of  the  prenatal  human  being 
has  been  investigated  with  more  or  less  success  by  embryology 
(oomp.  Part  L,  chap.  VI.)  ;  but  scarcely  any  trustworthy  data  exist 
for  a  comparative  psychology  of  the  foetus.  It  cannot  be  held  that 
its  sentient  life  keeps  even  pace  with  the  formation  and  growth  of 
its  bodily  organs — not  even  of  those  which,  like  the  brain  and  the 
end-organs  of  sense,  are  most  intimately  connected  with  the  phe- 
nomena of  consciousness.*  Large  or  elaborate  structures,  such  as 
the  lungs,  the  eyes,  the  ears,  etc.,  are  formed  under  moi'phological 
conditions  and  influences  with  which  we  are  only  very  imperfectly 
acquainted,  without  any  corresponding  psychical  development. 
The  brain  at  birth  is  apparently  little  different  from  the  same 
organ  a  few  weeks  later ;  but  at  this  later  period  an  important 
psychical  advance  has  been  made  through  the  activity  of  the  end- 
organs  of  sense.  This  psychical  advance  must  be  represented  in 
the  cerebral  areas  by  the  formation  of  such  molecular  changes  and 
dynamical  associations  of  the  nervous  elements  as  constitute  the 
physical  basis  of  memory  considered  as  a  retentive  and  reproduc- 
tive power. 

It  is  a  reasonable  conjecture  that  the  psychical  life  of  the  un- 
born child  consists  wholly  of  sensations  of  pressure  and  temperature, 
for  the  most  part  exceedingly  transient  and  disconnected,  occa- 
sioned by  the  stimulus  of  its  changing  conditions  and  positions  in 
the  womb  of  the  mother.  Such  a  low  grade  of  mental  experience 
— if,  indeed,  we  are  to  speak  of  prenatal  "consciousness" — can  as 
little  be  accurately  represented  by  any  conscious  state  of  the  hu- 
man adult  as  can  the  experience  of  the  animals  to  which  the  struct- 
ure and  functions  of  the  body  of  the  fcetus,  in  succession,  bear  more 
or  less  of  resemblance.  About  such  a  matter  it  is  safest  to  refuse  to 
speculate.  About  one  principle,  however,  there  can  be  little  doubt 
— many  of  those  structural  and  physiological  factors  which  form  the 
most  important  and  intimate  foundation  for  the  spiritual  functions 
are  secured  only  indirectly  in  the  central  organs  through  the  culti- 
vation given  to  these  organs  by  the  use  of  the  end-organs  of  sense. 

^Comp.  the  article  of  A.  W.  Volkmann,  in  Wagner's  Handworterb. ,  L,  p. 
608 ;  and  the  strictures  of  Lotze  upon  it,  Medicin.  Psychologie,  p.  540  f. 
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According  to  Soltmann'  and  others,  stimalation  of  the  cerehral 
areas,  considered  as  '' motor  ^  by  Hitzig,  in  new-bom  animalu, 
does  not  produce  the  usual  localized  moTements  (comp.  chap.  U, 
§  5  f.).  The  use  of  his  band  by  the  child,  the  use  of  his  organs 
of  speech,  etc.,  educates  his  brain.  So  that  the  dependence  of 
mind  on  brain  is  not-whether  with  respect  to  the  life  before  or 
after  birth — merely  direct  and  simple^  but  also  indirect  and  com- 
plex. 

§  5.  Chaussier  considered  that  the  growth  of  the  foetus  in  length 
for  the  six  months  preceding  birth  is  regular,  and  that  it  ayerages 
about  54  mm.  a  month.  The  mean  height  at  birth  of  100  infants 
of  both  sexes,  measured  in  Brussels,  was  found  to  be  0.501  ul  for 
the  boys,  0.491  for  the  girls,*  or  about  19f  and  19^  inches  respec- 
tively. The  most  rapid  growth  of  the  child  takes  place  in  the  first 
year  after  birth  ;  this  amounts  to  an  average  of  about  2  dcm. 
(7.87  in.).  The  growth  of  the  second  year  is  about  half  of  that  of 
the  first  year  ;  that  of  the  third  year  about  one-fourth.  From  the 
fourth  or  fifth  year  until  the  age  of  puberty  the  annual  increase 
of  height  is  nearly  regular,  and  amounts  to  some  56  mm.  Dariog 
or  shorUy  before  this  period  a  sudden  rise  in  the  curve  of  growth 
occurs  ;  but  after  this  period  the  rate  continues  to  diminish  until 
the  age  of  about  twenty-five,  when  the  full  height  may  be  regarded 
as  attained.  In  most  cases,  however,  a  slight  increase  takes  place 
between  this  age  and  fifty,  after  which  a  decrease  goes  on— espe- 
cially in  extreme  old  age.  The  average  height  attained  by  the 
human  being  is  an  effect  of  race,  of  climate,  of  conditions  of  liv- 
ing and  work,  etc  For  nine  hundred  persons,  measured  in  Brus- 
sels, ranging  from  nineteen  to  thirty  jeaxs  of  age,  the  mean  was 
1. 6648-1. G841  m.'  The  average  height  of  eighty  students,  at  Gam- 
bridge,  was  1.768  m.  To  express  the  facts  by  the  fraction  of  the 
whole  height  previously  attained  which  the  growth  of  each  year 
amounts  to-^for  the  first  year  it  is  about  f ;  for  the  second,  i ; 
for  the  third,  ^^ ;  for  the  fourth,  ^ ;  for  the  fifth,  ^  ;  for  the 
sixth,  -^^  ;  etc. 

§  6.  The  weight  of  the  newly  bom  infant  is  said  by  Quetelet,*  as 
a  rule,  to  remain  about  stationary,  or  even  to  diminish  a  httle,  for 
some  seven  days  after  birth  ;  it  then,  Uke  the  height^  grows  with 
its  maximum  rapidity  during  the  first  year  of  life.  Like  the  height 
also,  the  weight  at  birth  varies  according  to  parentage,  prenatal 

»  Centrblt  Med.  Wiss.,  1875,  p.  209. 

'  See  Quetelet,  PlijBique  Sociale  de  I'Homme,  H,  p.  18 1     Paris,  IM. 

»  See  Qnetelet,  Ibid.,  II.,  p.  19. 

« Ibid.,  IL,  p.  81  L 
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conditions  as  respects  nutrition,  etc.  The  average  weight  of  119 
infants  weighed  at  birth,  in  Brussels,  was  found  to  be  3.055  kila, 
or  6.735-1-  lbs.  avoirdupois.  With  this  the  number  3.059  kilo., 
given  in  the  "  Dictionnaire  des  Sciences  mcdicales,"  agrees  very 
closely.  A  year  after  birth  infants  of  both  sexes  have,  on  the  aver- 
age, Uipled  their  weight  Six  years  more  are  necessary  to  double 
the  weight  attained  at  the  end  of  the  first  year  ;  and  thirteen  more 
to  quadruple  it  At  about  the  age  of  nineteen  the  mean  weight  of 
both  sexes  is  nearly  that  of  old  age.  The  maximum  weight  of  the 
male  is  attained,  as  a  rule,  about  forty  ;  that  of  the  female,  somewhat 
later.  At  this  time  the  weight  is  about  twenty  times  that  of  the 
infant  at  birth.  At  sixty  the  weight,  like  the  height,  begins  to  di- 
minish. Quetelet '  has  attempted  to  establish  the  empirical  law 
that,  during  the  period  of  development,  the  square  of  the  weight 
at  different  ages  is,  on  the  average,  as  the  fifth  power  of  the  height ; 
while  for  fully  developed  individuals  of  both  sexes  the  weight  is  as 
the  square  of  the  height 

§  7.  The  proportions  which  exist  among  the  different  organs 
and  members  of  the  human  body  are  of  interest  in  this  connection. 
These  proportions  vary  greatly  for  the  different  ages  of  life,  but 
remain  nearly  the  same  for  all  individuals  (not  obviously  deformed) 
of  the  same  age.  The  parts  least  subject  to  any  departure  from 
the  normal  type  are  the  most  essentia  parts.  The  height  of  the 
head  at  birth  is  about  one-half  that  attained  on  complete  devel- 
opment—or an  average  of  about  111  mm.  (4.37  in.).  It  attains 
about  154  mm.  by  the  end  of  the  first  year,  and  173  by  the  end  of 
the  second  ;  its  growth  of  the  first  two  years  (62  mm.)  is,  there- 
fore, more  than  all  the  subsequent  growth  up  to  complete  develop- 
ment (when  it  is,  on  the  average,  228  mm.).  The  developed  head 
is  about  ^  to  ^  of  the  height  of  the  entire  body.  The  back  of  the  in- 
fant, however,  has  at  birth  only  about  ^  its  subsequent  length ;  the 
arm,  J  ;  the  leg,  up  to  the  place  of  bifurcation,  only  about  \.^  The 
foot  of  the  infant  (which  will  probably  never  afterward  appear  in 
its  natural  form  and  proportions)  is  about  \  of  the  length  of  the 
body.  This  member  has  naturally,  for  all  ages  and  both  sexes, 
about  the  same  length  as  the  head.  The  hand  is  about  ^  of  the 
length  of  the  entire  body.  Unlike  the  head,  the  limbs  grow  rapidly 
after  the  second  year ;  especially  are  they  lengthened  at  the  ex- 
pense of  their  transverse  dimensions  at  the  age  of  puberty,  when 
the  bony  framework  is  outstripping  the  muscles,  as  it  were.     The 

'  PhjBiqae  Sociale,  IL,  p.  92  f. 

'  See  Quetelet,  Aiithropom6trie,  on  Mesiire   des  Difif6rentea  Faoult^s  de 
r  Homme,  pp.  45 1,  104 1 
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followiog  tabid '  shows  the  relatiTe  weight  oi  serenl  intenal  or- 
gans in  the  infant  at  birth  and  in  the  adult : 


Orgmn. 

PsraentitiPB  of  body*wlgfitii 

Batio  of  the  tM, 

loftint  afc  birth. 

AdalL 

Ml. 

Skeleton 
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28.40 

2.16 

.89 
11.80 

.28 
14.84 

15.85 

48.10 

2.01 

.62 

6.80 

.028 

2.37 

26 

Mafcles.  etc 

28 

Lunm 

20 

Heart 

15 

Skin 

12 

Eye 

1.7 

Brain 

8.7 

§  8.  A  survey  of  the  physical  changes  which  take  place  in  de- 
pendence upon  the  age  of  the  human  being  shows  that  most  of 
them  are  only  indirectly  connected  with  the  development  oi  the 
mind.  The  connection  is,  however,  scarcely  less  strongly  marked 
and  important  on  that  account  The  changing  size  and  weight  of 
different  members  of  the  body,  both  absolutely  and  relatively,  gives 
conditions  to  the  life  of  sensation  and  motion ;  and  it  is  by  act- 
ual use  of  these  members  in  sensation  and  motion  that  the  de- 
velopment of  the  mental  powers  of  discernment,  memory,  and  will 
takes  place,  and  all  the  knowledge  of  the  spatial  qualities  and  re- 
lations of  things  is  acquired.  The  metaboUc  activities  of  the  infant 
arc  much  more  pronounced  than  are  those  of  the  adult ;  and  much 
of  this  metabolism  is  directed  toward  the  ends  of  construction.  To 
make  the  rapid  growths  of  the  first  years,  a  great  amount  of  food, 
representing  a  great  amount  of  potential  energy,  must  be  converted 
into  living  tissue.  More  rapid  metabolism  is  also  demanded  by  the 
necessity  of  keeping  up  the  normal  temperature  of  the  infant's 
body,  which  is  dightly  warmer  (.3°)  than  the  body  of  the  adult, 
and  which  loses  heat  much  faster  on  account  of  its  extremely 
vascular  skin.  The  heart  of  the  infant  is,  relatively  to  its  body, 
weipjlit  (see  table  above),  considerably  larger  than  that  of  the  aduU, 
and  the  whole  circuit  of  the  circulatory  system  is  traversed  much 
quicker  (in  about  12  seconds,  instead  of  22).  Accordingly,  the  heart- 
beat is  more  frequent— namely,  about  130-140  per  minute,  falling 
off  to  about  110  in  the  second  year  and  to  about  90  in  the  tenth 
year.  The  respiration  is  also  more  frequent — it  being  about  35  per 
minute  at  first,  28  in  the  second  year,  and  26  in  the  fifth.  The 
brain  and  organs  of  sense  are  relatively  very  much  larger  in  the 

*  See  Vierordt,  Grundriss  d.  Physiologie  (5th  ed.^  p.  605. 
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infant  than  in  the  adult,  and  accordingly  grow  less  rapidly  in  early 
life. 

Everything  in  the  infant  indicates,  therefore,  a  mobile,  flexible, 
changeable  condition  of  the  bodily  organs,  with  a  relatively  large 
development  of  the  most  important  parts  of  the  nervous  mechanism. 
Such  a  condition  is  significant  of  a  paucity  of  bodily  and  mental 
habits;  the  lines  of  the  habitual  action  of  the  mechanism,  the 
character  and  number  of  the  dynamical  associations  among  its 
elements,  have  not  yet  been  rigidly  marked  out  and  firmly  fixed  as 
they  subsequently  are.  But  the  advanced  development  of  the  brain 
and  end-organs  of  sense  is  significant  of  the  potentialities,  as  it 
were,  rather  than  of  the  actual  experience  of  the  babe.  There  is 
difficulty  in  tracing  accurately  the  course  of  the  earliest  mejital  de- 
velopment, if  by  "  mental "  we  intend  to  designate  the  phenomena 
of  consciousness.  The  eyes  of  the  child  during  the  first  days  of  its 
life  are  seldom  open  for  any  length  of  time.  Preyer '  asserts  that 
some  newly  bom  children  move  the  eyes  with  associated  and  co- 
ordinated movements,  others  not ;  but  there  is  no  fixation  of  eyes 
such  as  indicates  an  act  of  will  in  attentive  regard  until  much  later, 
and  then  in  such  way  as  to  show  a  gradual  unfolding  of  the  power 
of  attention. 

All  newly  bom  children  are  deaf ;  the  temporary  deafness  is 
caused  by  lack  of  air  in  the  tympanum  previous  to  respiration. 
Oreat  individual  differences  exist  as  respects  the  age  at  which 
children  give  unmistakable  tokens  of  having  sensations  of  sound. 
It  was  not  until  the  first  half  of  the  foiurth  day  that  one  investigator 
was  satisfied  his  child  could  hear.  From  the  conditions  under  which 
the  foetus  grows  we  might  suppose  that  the  sense  of  touch,  as  re- 
gards both  pressure  and  temperature,  would  be  well  developed  in 
the  infant  The  reflex  excitability  of  the  different  regions  of  its 
skin  is,  however,  inferior  to  that  of  the  adult,  and  only  gradually 
approaches  it  under  the  influence  of  constant  cultivation.  Accord- 
ing to  Preyer,'  it  is  highly  probable  that  the  sensations  of  sweet, 
salt,  sour,  and  bitter  are  distinguishable  from  birth.  Taste  may 
then  be  said  to  be  "instinctive"  with  it  as  with  other  young  ani- 
mals. There  is  more  doubt  about  sensations  of  smell ;  according 
to  some  these  are  not  experienced  earlier  than  from  four  to  eight 
weeks,  but  according  to  others  they  belong  to  the  first  days  of  the 
child's  life.  It  is,  of  course,  largely  in  connection  with  the  unfolding 
of  the  activity  of  these  organs  of  sensation  and  motion  that  its  en- 
tire mental  development  takes  place. 

§  9.  After  full  maturity  has  been  attained,  and  the  period  of 

>  Die  Seele  d.  Kindes,  p.  25  f.    Leipzig,  1882.  *  Ibid.,  p.  76. 
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decline  for  the  bodily  powers  has  began,  the  mental  powers  also 
are,  as  a  rule,  less  aggressive  and  aoqoisitiTe,  or  even  begin  to  de- 
cline. But  the  i>eriod  of  the  more  immediate  dependence  of  the 
latter  upon  the  sensor}'  and  motor  activities  of  the  bodily  organs 
has  passed  ;  tlie  lines  of  spiritual  as  weU  as  of  corporal  habit  have 
become  firmly  drawn,  and  both  mechanism  and  mind  may  be  said 
to  contain  a  great  amount  of  stored  experience  ;  judgment  is 
trained,  and  less  liable  to  sudden  action  under  the  assaults  of  vari- 
ous forms  of  impulse.  If,  tlien,  no  sudden  accident  or  alow  decay 
impairs  the  cerebral  centres,  the  fullest  and  most  impressive  ma- 
turity of  the  mental  }x>wers  may  arrive  and  continue  years  after  the 
activities  of  sense  and  motion  are  past  their  prime. 

§  10.  Tliat  Ihe  tiro  nexes  differ  in  many  ways,  as  respects  both 
physical  and  mental  characteristics,  is  an  almost  universal  im- 
pression. As  to  what  are  the  mental  characteristics  of  either  sex 
a  wide  difference  of  opinion  undoubtedly  prevaila  But  the  sta- 
tistics of  certain  physical  characteristics  of  the  sexes  are  tolerably 
complete.  Besides  the  more  obvious  bodily  differences  of  man  and 
woman,  the  two  sexes  differ  from  birth  in  average  height,  weight, 
physical  energy,  proportion  of  parts,  relative  development  of  or- 
gans, frequency  of  pulse,  i*espiration,  etc.  They  also  differ  in  many 
other  subtler  and  less  obvious  characteristics.     As  we  have  alreadv 

• 

seen  (p.  5GG),  the  height  of  the  male  infant  at  birth  slightly  (about 
0.01  m. )  exceeds  that  of  the  female.  The  excess  increases,  but  not 
with  perfect  regularity,  until  full  maturity  is  reached.  At  this  time 
the  height  of  the  man  may  be  given  as  1.467-1.890  m.  (about  -4  ft 
11  in.  to  G  ft.  4  in.) ;  that  of  the  woman,  1.444-1.740  m.  (about  4  ft. 
10  in.  to  5  ft.  10  in.).  The  curve  of  the  growth  of  the  two  sexes  from 
birth  onward  runs  somewhat  differently  ;  although  up  to  the  age  of 
four  or  five  the  difference  is  scarcely  perceptibla  All  the  sexoal 
differences  are,  of  course,  least  pronounced  in  the  earliest  years  of 
life.  For  these  years  the  proportions  of  height  remain  about  as  1 
to  0.988  ;  at  complete  development  they  are  as  1  to  0.937,  oraboat 
as  16  to  15.  But  at  sixteen  or  seventeen  years  of  age  the  growth 
of  girls  is  relatively  as  far  advanced  as  is  that  of  boys  at  eighteen 
or  nineteen.     Between  five  and  fifteen  vears  the  former  make  an 

•r 

annual  growth  of  about  56  mm.,  the  latter  of  about  52  mnL* 

§  11.  The  relative  weight  of  the  two  sexes  varies  in  somewhat  the 
same  manner,  but  not  precisely,  as  their  height  Of  119  infants 
weighed  at  birth,  in  Brussels  (63  males  and  56  females),  the  average 
weight  of  the  males  was  3.20  kilo.  (7.05  lbs.  avoirdupois)  ;  of  the 
latter,  2.91  kilo.  (6.42  lbs.).  At  the  same  age  the  male  is,  as  a  rule, 
*  See  Quetelet,  Physique  Sociale,  II. ,  p.  15  f. ;  and  Anthiopom6lri«a  p.  ITS  1 
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heavier  than  the  female ;  but  although  the  boy  is  bom  heavier, 
and  in  his  earUest  years  makes  a  larger  gain  of  weight,  at  about 
twelve  the  two  sexes  have  nearly  the  same  average  weight  The 
limits  of  weight  for  persons  normally  formed  are  about  49.1- 
98.5  kilo.  (108-217  lbs.)  for  man,  39.8-93.8  kilo.  (98-207  lbs.)  for 
woman.  Woman  attains  her  maximum  weight  several  years  later 
than  man. 

The  relative  proportion  of  the  bodily  parts  is  different  for  the  two 
sexes.  At  about  the  age  of  four  or  five  the  sexual  differences  in 
this  regard  become  more  observable.  The  bony  framework  of  the 
boy  is  relatively  prominent,  and  the  outlines  of  the  limbs  become 
more  clearly  traced  in  a  way  to  conform  to  agile  and  strong  move- 
ment. Roundness  of  Umbs  and  amplitude  of  flesh  concealing  the 
framework  are  more  characteristic  of  the  girl.  At  the  age  of  puberty 
these  and  other  similar  differences  suddenly  become  more  strongly 
marked.  Careful  measurement  of  many  individuals  who  have  at- 
tained the  development  of  the  adult  shows  certain  noteworthy  stati- 
cal differences  of  sex.  The  head,  which  is  contained  about  7.4 
times  in  the  entire  height  of  the  man,  is  contained  only  7.2  times  in 
the  height  of  the  woman ;  it  is,  then,  relatively  a  little  longer  in  the 
latter.  The  chest  of  the  adult  male  is  moi*e  developed.  The  length 
of  the  arms  stretched  out  is  about  1.045  of  his  height ;  of  the  female, 
only  1.015.  The  relative  length  of  the  legs  is  greater  in  the  man. 
The  circumferences  of  the  different  parts  of  the  body  are  also  rela- 
tively different  in  the  two  sexes.  The  relative  step  is  as  1,000  to 
1,157;  and  the  weight  of  the  bndu  as  about  1,272  to  1,424  (see 
chap.  L,  §  4). 

There  are  also  marked  differences  between  the  sexes  in  the  forma- 
tion of  the  pelvis,  and  in  the  part  of  the  body  on  which  the  centre 
of  the  line  of  length  of  the  entire  body  falls.  The  costal  mechan- 
ism of  respiration  differ&  The  girl  of  five  breathes  with  her  hbs 
as  does  the  adult  woman.  The  pulse  of  woman  is  quicker  in  about 
the  same  proportion  as  her  height  is  less.  The  physical  energy  of 
which  the  male  is  capable,  whether  as  measured  by  lifting  weights, 
by  pressure  with  the  hands,  or  other  ways  of  producing  a  meas- 
urable mechanical  effect,  is  much  greater  than  that  of  the  female. 
This  follows,  of  course,  from  his  larger  brain  and  skeleton,  and 
fi*om  his  superior  equipment  of  muscles.  Before  puberty  the  dif- 
ference has  been  estimated  as  expressed  by  the  ratio  3:2;  after 
that  age  it  is  greater,  and  is  measured  by  the  figures  9  : 5,  or  is 
perhaps  doubla  The  average  boy  of  nine  or  ten  can  support  his 
own  weight  for  some  time  with  his  hands ;  the  girl  cannot  T^ 
average  man  can,  by  using  his  disposable  energy,  lift 
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kilo. ;  the  woman  scarcely  half  as  much/  The  metabolism  of  the 
female,  whether  measured  by  respiratory  or  other  excreta,  is  not 
only  absolutely,  but  relatively  less  ;  her  blood  is  not  only  less  in 
quantity,  but  also  of  lighter  specific  gravity,  and  contains  fewer  red 
corpuscles.'  The  woman  is  more  inclined  than  the  man  to  be  "hj- 
persBsthetic "  (in  the  physiological  meaning  of  the  word)  ;  this  in- 
volves a  tendenc}^  to  many  forms  of  cramping  of  the  muscles,  to  sud- 
den secretions,  to  the  wide  spreading  of  stimulation  so  as  to  involve 
a  considerable  number  of  the  bodily  parts.'  Many  of  the  woman's 
sensations  are  less  sharply  discerned  as  to  their  qualitative  content, 
but  stir  up  accompanying  forms  of  feeling  with  more  energy. 

§  12.  In  the  description  of  those  mental  characteristics  of  sex 
which  undoubtedly  exist,  and  which  are  dependent  upon  or  con- 
nected with  the  foregoing  physical  characteristics,  a  great  diversity 
of  view  prevaila  We  cannot  enter  into  the  details  of  the  discus- 
sion. It  is  plain,  however,  that  the  greater  bulk  of  those  nervous 
and  muscular  masses  which  are  involved  in  the  conscious  life  of 
sensation  and  motion  both  implies  and  necessitates  great  differ- 
ences in  the  development  of  this  life.  But  judgment  and  decision 
are  also  involved  in  the  conscious  life  of  sensation  and  motion ; 
they  are  dependent  upon  that  life  for  the  amount,  direction,  and 
lower  or  higher  order  of  their  development.  The  superior  strength 
of  the  chest,  shoulders,  and  hips  of  the  male,  in  lifting  and  moving 
heavy  burdens,  and  the  fitness  of  body  and  legs  for  walking  firmly 
and  running  swiftly,  cannot  fail  to  produce  a  marked  consciousness 
of  ease,  elasticity,  and  security,  both  of  posture  and  of  movement 

Other  important  sexual  differences,  consisting  of  variations  in 
the  kind  and  amount  of  feeling — sensuous,  sesthetic,  intellectual, 
moral — and  especially  of  the  so-called  emotions,  are  undoubtedly 
connected  with  the  existence  and  development  of  those  organs 
specifically  characteristic  of  sex.  The  differences  in  circulation, 
respiration,  metabolism,  etc.,  are  also  the  cause  of  characteristic 
differences  in  sentiment  and  feeling.  Especially  important,  and 
even  determinative,  is  the  man's  larger  mass  of  nervous  matter  in 
the  cerebral  centres.  In  active  energy,  whether  as  given  out  on 
sudden  call  or  in  the  form  of  sustained  endurance  of  the  strain  of 
labor,  and  in  all  pui*suits  and  achievements  requiring  such  energy, 
the  woman  (however  much  she  may  seem  to  be  superior  in  the 
passive  endurance  of  pain,  etc.)  can  never  compete  successfully  with 
the  man. 

*  Quetelet,  Anthropometrie,  p.  859  f. 

'  Foster.  Textbook  of  Physiology,  p.  718. 

'  Lotze,  Medicin.  Pfiyohologie,  p.  559  f. 
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Other  mental  differenoee  closely  related  to  the  more  obvious 
ones,  and  largely  dependent  upon  them,  are  less  obvious  and  easy 
to  demonstrate.  Our  purpose  will  be  served  sufficiently  by  citing, 
concerning  such  differences,  a  few  points  from  Lotze,*  who  has 
treated  the  whole  subject  briefly,  but  with  much  insight  and  caution* 
In  Lotze*s  opinion,  woman  naturally  adapts  herself  more  easily  to 
new  conditions  of  life ;  while  acquired  habits  have  a  stronger  hold 
on  man.  Her  characteristics  involve  a  mixture  of  the  sanguine 
temperament  and  the  sentimental  stage ;  while  varieties  of  educa- 
tion conceal  more  of  native  qualities.  This  would  seem  to  imply 
a  greater  molecular  immobility  and  stronger  dynamical  associations 
among  the  elements  of  man's  organism.  The  intellectual  capacity 
of  the  sexes,  Lotze  thinks,  differs  chiefly  or  solely  in  so  far  as 
special  emotional  interests  prescribe  the  course  of  the  intellectual 
life.  It  is  characteristic  of  masculine  philosophy  to  analyze  strik- 
ing phenomena  ;  it  is  characteristic  of  woman  rather  to  hate  analy- 
sis. Masculine  thought  depends  upon  the  conviction  that  whatever 
is  most  great  and  beautiful  in  the  world  has  its  mechanical  con- 
ditions ;  masculine  eflbrt  upon  a  profound  reverence  for  general 
principles.  The  faith  of  woman  is  that  no  general  principle  or  form 
has  an  independent  value,  but  that  this  value  belongs  to  the  living 
reality  founded  upon  such  principle  ;  the  sentiment  of  the  feminine 
mind  is  devout  toward  completenesa  The  notions  of  the  two  as  to 
spatial  and  mathematical  relations,  and  their  perceptions  as  to  the 
nature  of  the  concrete  realizations  of  the  ideas  of  space  and  time, 
are  markedly  different.  In  seeking  for  some  physical  basis  for 
these  and  similar  differences — in  case  their  existence  be  once  as- 
sumed— we  are  forced  to  admit  that  any  such  known  basis  can  be 
at  best  only  indirectly  related  to  the  differences  themselves.  The 
general  truth  holds,  however,  that  certain  intellectual  differences 
are  intimately,  and  even  necessarily,  connected  with  ceilain  emo- 
tional differences ;  and  that  the  latter  plainly  have,  in  many  cases, 
their  ground  in  the  organic  differences  of  the  two  sexe& 

§  13.  The  different  intellectual  and  emotional  cliaracterislics  of 
the  different  races,  and  the  relations  of  such  characteristics  to  defi- 
nite variations  of  the  bodily  type  of  each  race  from  that  of  our  com- 
mon humanity  cannot  be  discussed  without  raising  even  more 
obscure  and  doubtful  inquiries.  If  external  influences  of  soil,  cli- 
mate, food-supply,  character  of  the  prevalent  civilization,  ct<*.,  h»nvo 
any  observable  influence  upon  the  type  of  the  bodily  form — and  of 
this  there  can  scarcely  be  a  doubt — and  if  the  laws  of  hennlit  y  aiv 
to  be  allowed  the  scope  and  influence  which  belong  to  i\w\\v  tlK^ 

<  MiorocoamuB,  U.,  p.  39  t     Ediuburgh,  1885. 
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existence  of  both  physical  and  mental  cbaraeteristics  of  race  must 
be  admitted.  The  popular  impression  confirms  the  assumption  of 
anthropological  science.  But  there  are  few  subjects  concerning 
which  statistics  and  impressions  are  both  more  incomplete  and 
more  unsatisfactory. 

According  to  Quetelet's  conclusions,  the  proportions  of  the  axer- 
age  human  body  are  such  as  to  render  it  the  type  of  manly  beauty ; 
and  the  limits  of  these  proportions  are  the  more  fixed  and  un- 
changeable the  nearer  we  approach  to  perfection.  In  the  special 
features  of  height,  weight,  and  relative  form,  rather  than  size  iA 
the  organs,  certain  differences  appear  which  belong  to  different 
peoples  and  races.  Each  people  may  be  said  to  have  its  peculiar 
type  ;  and  among  each  people  such  type  exists,  not  only  in  fact  and 
determinable  by  scientific  means,  but  as  vaguely  established  in  the 
general  appreciation.  According  to  Quetelet,'  the  principal  pro- 
portions of  the  human  figure  vary  very  little  among  different  races 
of  men.  ''  Tlie  real  differences  which  the  races  present  appertain 
to  characteristics  which  the  eye  seizes  better  than  the  compasses ; 
in  order  to  establish  them  firmly,  an  appreciation  of  minute  differ- 
ences is  required,  and  a  tact  that  presupposes  a  long  experience  in 
such  researches  One  can  see  the  difficulties  with  which  phrenolo- 
gists meet  in  making  numerical  estimates  of  the  characteristics  of 
the  skull ;  notliin<jf  precise  can  be  fornmlated  in  this  regard  "  (compi 
chap.  IL,  §  4).  This  conclusion  of  Quetelet  is  formulated  in  view  of 
cai*ef ul  measurement,  not  only  of  many  individuals  from  the  modern 
European  i>eopk'8,  and  of  certain  selected  cases  among  the  North 
American  Indians,  the  Chinese,  and  the  Kaffirs,  but  also  of  Egyp- 
tian mummies,  of  Greek  statues,  and  of  other  means  for  ascertain- 
ing the  proi)ortious  of  ancient  man. 

§  14.  Few  impressious  are  more  firmly  fixed  than  this,  that  dif- 
ferent individuals  (ut  least  among  all  the  more  highly  civilized 
peoples)  ix)S8ess,  each  one,  a  characteristic  ''natural  diitpointionJ' 
Such  disposition  constitutes  a  predominating  tendency  to  feel, 
think,  and  act  in  certain  forms  rather  than  others  among  the  many 
that  are  con(*eivable.  The  conriction  that  the  disposition  of  the 
individual  is  innate  and  inherited,  rather  than  the  result  of  training 
or  environment,  is  doubtless  due  to  the  fact  that  it  appears  with 
considerable  strength  in  childhood,  and  generally  maintains  itself 
under  great  alterations  of  circumstances,  and  against  effort,  to  the 
close  of  the  individual's  lifa  The  so-called  "  disposition  **  can,  in- 
deed, be  greatly  modified,  and  even  seem  wholly  changed  ;  but  such 
modification  is  invariably  made  at  the  expense  of  greater  energy 

>  Anthropometrie,  p.  82S. 


THE  THEORY  OF  DR.   GEORGE.  676 

than  is  required  to  form  and  break  those  habits  which  are  acq\iired 
differently  in  different  individuals  after  birth.  Moreover,  the 
modification  is  often  one  of  expression  and  power  of  control  rather 
than  of  disposition. 

Patent  facts  like  the  foregoing  have  given  rise  to  the  theory  of 
Temperaments.  Curiously  enough,  the  number  four  has  usually 
been  chosen  as  sufficient  to  designate  the  kinds  or  types  of  native 
disposition,  the  varieties  of  temperament.  The  attempt  has  also 
often  been  made  to  connect  the  different  temperaments  with  a 
bodily  basis.  As  in  several  of  the  foregoing  inquiries,  so  in  this, 
our  reliance  is  mainly  placed  upon  the  correctness  of  certain  wide- 
spread but  vague  impressions  It  is  impossible  to  classify  the  tem- 
peraments with  the  use  of  methmls  required  by  strict  scientific  in- 
duction. The  individual  can  judge  of  his  own  temperament  only 
by  remembering  his  actions  and  the  states  of  consciousness  con- 
nected with  them.  But  upon  such  a  point  memory,  and  even  the 
immediate  recognition  of  consciousness,  are  but  little  trustworthy. 
Few  things  are  more  common  than  for  the  individual  quite  to  mis- 
conceive and  misinterpret  his  own  mental  states  and  tendencies. 
On  the  other  hand,  we  have  no  means  of  judging  the  temperament 
of  others  except  by  their  action — using  the  word  action  in  its 
broadest  signification.  A  large  part  of  such  judgment  is  unavoid- 
ably misjudgment.  But  notwithstanding  all  the  doubts  and  un- 
certainties which  attach  themselves  to  the  subject  of  temperaments, 
those  who  are  carefully  observant  of  their  fellows  will  continue  to 
believe  that  important  and  determining  natural  differences  exist 
among  them. 

§  15.  Some  of  the  older  treatises  on  psychology  contained  elab- 
orate discussions  of  the  doctrine  of  temperament,  in  which  many 
well-observed  facts  and  shrewd  conjectures  were  united  with  no 
little  fanciful  speculation.  This  is  to  some  extent  true  of  the  treat- 
ment (on  the  whole  admirable)  given  to  the  subject,  for  example, 
by  Dr.  Leopold  George.'  According  to  Dr.  George,  the  four  tem- 
peraments are  defined  by  the  nature  of  the  interior  relation  which 
exists  between  perception  and  the  affections  of  the  mind.  Thus 
the  greater  the  mind's  wakefulness  to  impressions,  the  greater  is 
also  its  susceptibility  to  the  feelings  of  pleasure  or  pain  which  are 
attached  to  the  impressions.  The  "  sanp^uino  "  temperament  is 
distinguished  by  strength  in  this  interior  relation.  But  the  greater 
the  attention  given  to  the  objects  before  the  mind,  the  greater  are 
the  emotions  of  hope  or  fearful  expectation  which  the  objects  excite ; 
and  from  the  emphasis  being  laid,  as  it  were,  on  this  relation  the 
»  LehrbQch  d.  Psjchologie,  pp.  125-151.     Berlin,  1854. 
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*<  melADcholic  "  temperament  results.  A  large  degree  of  suaoepii- 
bilit J  to  sensation  is  naturally  aooompanied  by  feelings  of  atten- 
tion or  dread  toward  the  object  of  sensation.  This  fact  forms  a 
basis  for  the  ''  choleric  "  temperament  And,  finaUy,  the  so-called 
"phlegmatic"  temperament  depends  upon  the  degree  of  mental 
apprehension  with  which  different  objects  are  seized,  and  the  con- 
sequent emotions  of  satisfaction  or  disgust  The  theory  is  then 
developed  that  different  races  and  peoples  are  distinguished  bj 
some  one  of  these  four  temperaments— for  example,  the  Frendi 
are  sanguine,  the  English  melancholic,  the  Spanish  and  Italians 
choleric,  the  Germans  phlegmatic.  More  generally  still,  the  Cau- 
casian race  is  sanguine,  the  Mongolian  melancholic,  the  Negro 
phlegmatic,  the  Malayan  choleric.  The  four  periods  of  life  cor- 
respond to  the  four  temperaments,  according  to  Dr.  Gteorge  ;  and 
this  opinion  has  undoubtedly  a  certain  basis  in  fact,  as  well  as  a 
suggestion  concerning  the  nature  of  the  physical  conditions  which 
may  possibly  underlie  the  existence  of  temperamenta  Even  dif- 
ferent species  of  animals  are,  in  the  opinion  of  this  writer,  charac- 
terized by  predominance  of  one  of  these  four  great  types. 

§  16.  Modern  psychology,  approaching  the  subject  of  temperament 
from  the  physiological  and  biological  points  of  Tiew,  is  more  likelj 
to  be  Molf-restrained  and  cautious  in  its  conclusions.  According  to 
Wundt,'  the  fourfold  division  of  the  temperaments  is  correct,  be- 
cause, in  the  case  of  every  individual,  there  must  be  a  certain  com- 
bination of  the  two  factors  of  strength  and  speed  in  all  change 
\vhieh  goes  on  in  the  mental  movemcnt&  The  various  affections  ol 
the  mind  ore  therefore  classifiable  ns  either  strong  and  quick  or 
Rtron<]:  and  slow,  or  else  as  weak  and  quick  or  weak  and  slow. 
Choleric  and  melancholic  persons  are  inclined  to  strong  affectionfl» 
sanguino  and  phlegmatic  to  those  that  are  weak.  By  croesing 
these  two  principles  of  division  the  following  scheme  is  derived: 

strong.  WMk. 

Quick Choleric Sanguines. 

Slow Melancholic Phlegmatic 

Tlic  quick  tompernnients  are  directeil  rather  toward  the  present, 
the  slow  toward  the  future.  The  quick  require  additional  strength, 
and  the  weak  additional  time,  in  order  to  achieve  the  largest 
amount  of  work  possible  for  them.  Tlie  choleric  and  phlegnoAtie 
are  temperaments  of  action  rather  ;  while  the  sanguine  and  melan- 
cholic are  temperaments  of  feeling. 

Wundt  agrees  with  the  observations  of  Dr.  Gkorge  respecting 

'  Physiologische  Psychologie,  ii. ,  p.  845  f . 
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the  applicability  of  the  conception  of  temperament  to  orders,  fam- 
ilies, and  species  of  other  animals  as  well  as  to  man.  He  also 
makes  the  penetrating  observations  that  Pessimism  generally  rests 
upon  an  individual  peculiarity  of  temperament ;  and  that  the  true 
art  of  life  consists  in  not  having  one  temperament,  but  in  combining 
them  alL  "  One  should  be  sanguine  amid  the  petty  sufferings 
and  joys  of  daily  life,  melancholy  in  the  more  serious  hours  of 
life's  more  important  events,  choleric  toward  impressions  that  fetter 
one's  profounder  interests,  phlegmatic  in  the  execution  of  the  re- 
solves that  have  been  reached." 

Lotze's  *  treatment  of  the  doctrine  of  temperaments  is  more  ex- 
tended than  Wundt's,  but  no  less  cautious  and  suggestive.  Va- 
rieties of  temperament,  as  of  all  other  innate  natural  capacities, 
appear  to  be  most  marked  under  the  conditions  of  an  advanced 
civilization.  By  the  term  "  temperaments,"  according  to  Lotze,  we 
understand :  "  (1)  The  differences,  in  kind  and  degree,  of  excitability 
for  external  impressions ;  (2)  the  greater  or  less  extent  to  which 
the  ideas  excited  reproduce  others ;  (3)  the  rapidity  with  which  the 
ideas  vary ;  (4)  the  strength  with  which  feelings  of  pleasure  and 
pain  are  associated  with  them  ;  (5)  finally,  the  ease  with  which  ex- 
ternal actions  associate  with  these  inner  states  themselves."  The 
ancient  fourfold  division  of  temperaments  is  approved  by  Lotze 
— as,  indeed,  it  must  be  by  all  who  advocate  intelligently  any  the- 
ory upon  the  subject  The  sanguine  temperament  is  distinguished 
by  great  rapidity  of  change  and  lively  excitability.  This  indi- 
cates a  permanent  excess  of  the  general  capacity  for  reciprocal  ex- 
citement among  all  the  different  psychical  states,  and  an  exces- 
sive sensitiveness  of  the  soul  to  all  external  stimuli.  It  is  natural 
in  children  and  uncivilized  tribes  ;  it  is,  on  the  whole,  advantageous 
to  the  beginnings  of  culture,  and  prevents  the  establishment  of 
narrow  notions  and  attachment  to  ideas  acquired  accidentally.  But 
adults  who  are  strongly  marked  by  this  temperament  make  the 
impression  of  immaturity,  of  being  "  grown-up  children."  For  the 
temperament  usually  called  "melancholic  "  Lotze  prefers  the  term 
sentimental.  This  temperament  is  distinguished  "  by  special  recep- 
tivity for  the  feeling  of  the  value  of  all  possible  relations,"  but  is 
indifferent  toward  bare  matter  of  fact.  Here  a  lively  appreciation 
of  the  harmonies  and  discords  of  surrounding  objects  may  be  com- 
bined vnth  little  inclination  for  hard  work  ;  a  great  variety  of 
SBsthetic  feeling,  of  imaginative  activity,  may  go  with  theoretical 
Tagueness  and  the  disturbance  of  an  established  sense  of  duty  by 

*  MicrocosmoB,  ii.,  pp.   24  ff.,  Edinburgh,   1885;   Medicin.    Psychologie 
aeO  f.  ;  Oatlines  of  P«7ohology,  p.  137. 
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ibis  seetheiic  feeling.  The  sentimental  temperament  shows  itself  in 
science  among  those  who  "  spend  their  ingenuity  in  constantly  de- 
vising some  new  dress  for  the  knowledge  they  have  acquired  ;  *  and 
in  art  by  dealing  with  "  isolated  lyric  movements  of  emotion,"  with- 
out being  capable  of  grasping  them  and  bringing  them  together 
into  a  coherent  whole.  It  is  distinctive  of  youth  and,  in  its  most 
pleasant  form,  of  those  who  retain  a  youthful  disposition  on  into 
the  later  and  the  latest  years  of  life. 

The  marks  of  the  choleric  temperament  are  ''  one-aided  recep- 
tivity and  great  energy  in  single  directions"  It  is  therefore  dis- 
tinguished by  diminished  susceptibility  to  excitement^  but  grest 
force  and  endurance  in  reaction  when  feeling  has  once  been 
aroused.  Its  fine  effect  is  an  apparent  moral  steadiness  of  char- 
acter ;  its  uncomely  effect  is  obstinate  and  narrow  perseverance  in 
a  path  once  entered  upon,  even  when  reasons  exist  for  deviating 
from  or  abandoning  it  Its  time  of  most  natural  development  is  in 
adult  manhood  ;  but  its  occurrence  in  a  notable  wbj  even  among 
children  shows  it  to  be  one  of  the  native  dispositions  of  the  mind. 
Finally,  the  phlegmatic  temperament^  which  is  the  natural  temper 
of  advanced  age,  is  distinguished  by  slightly  varied  and  slow,  bat 
not  necessarily  weak,  reactions.  Sluggishness  in  youth  and  equa- 
nimity in  old  age  may  both  result  from  the  action  of  this  adjust- 
ment of  the  feelings  and  impressions  to  external  stimuli  and  the 
train  of  ideas. 

§  17.  The  permanent  common  features  of  the  foregoing  views  as 
to  the  nature  of  temperament  illustrate  sufficiently  the  real  tmth 
of  the  case.  The  doctrine  as  a  whole  is  one  which  in  its  nudn 
principles  is  undoubtedly  required  by  the  most  wide  and  varied 
observation.  On  the  other  hand,  the  differences  in  the  details  with 
which  the  different  descriptions  are  filled  out  show  the  uncertaintiei 
which  belong  to  every  attempt  to  elaborate  it.  Common  impres- 
sions, producing  a  common  play  of  feeling  and  regulating  the  tnin 
of  associated  ideas,  belong  to  all  individiuds.  But  in  each  indiridml 
there  is  something  characteristic  as  to  the  mode,  the  intensity,  the 
speed  with  which  these  impressions  arise  when  the  stimulus  act^ 
then  combine  with  one  another,  and  so  provoke  feeling  or  regulate 
the  ideaa  In  a  more  or  less  definite  way,  all  men  generalize  the 
various  individiud  examples  and  form  them  into  classes  which 
have  necessarily  lost  that  variety  and  minuteness  of  peculiarities  thit 
characterizes  the  individual  and  have  been  conformed  to  some  idee 
of  a  type.  No  real  individual  perfectly  expresses  such  a  typical 
idea.  But  especially  in  those  conditions  of  civilization  where  the 
expression  of  individuality  in  a  varied  and  impressive  vray  is  por 
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sible  most  individuals  are  recognized  as  conforming  more  nearly 
to  some  one  mtber  than  another  of  these  typea 

§  18.  As  to  the  exact  nature  of  the  physical  battis  of  temperament 
nothing  is  known.  The  influence  of  abnormal  bodily  conditions, 
and  of  certain  diseases,  to  produce  or  alter  the  disposition  of  the 
mind  in  a  manner  resembling  temperament  would  seem  to  indicate 
that  the  original  constitution  of  the  brain  is  not  the  principal 
determining  factor.  The  nature  of  the  excitation  which  external 
stimuli  produce  upon  the  end-organs  of  sense,  the  strength  of  the 
resulting  reactions  in  the  form  of  common  feeling,  the  habitual  con- 
dition of  the  internal  and  visceral  organs  and  the  coloring  they 
impart  to  common  feeling,  seem  to  be  of  prime  importance  in  de- 
termining the  temperament.  Further  than  this  it  is  difficult  to  be 
more  specific,  even  in  conjecture.  The  fact  that  the  different  periods 
of  life  are  apt  to  be  characterized  by  a  predominance  of  one  of  the 
four  temperaments  is  not  an  argument  against  the  physical  nature 
of  the  basis  of  temperament  in  general.  Certain  changes  in  the 
nature,  speed,  and  strength  of  the  reactions  derived  from  the  end- 
organs  and  the  internal  organs  of  the  trunk  necessarily  accom- 
pany the  early  development,  riper  maturing,  and  decay  of  the  bod- 
ily powers.  These  cannot  fail  to  have  a  great,  though  indirect, 
influence  upon  the  activities  of  the  cerebral  centre&  But  where  so 
much  already  said  is  so  imcertain,  we  refrain  from  adding  further 
conjectures. 


§  19.  What  has  hitherto  been  developed  in  detail  respecting  the 
relations  which  maintain  themselves  between  the  structure  and 
activity  of  the  nervous  mechanism  and  the  phenomena  of  conscious- 
ness may  now  be  summarized  in  somewhat  the  following  way.  We 
seem  warranted  in  insisting  that  the  following  five  great  groups  of 
correlations  between  body  and  mind  are  always  maintained  during 
the  mind's  conscious  existence  : 

1.  The  quality  and  intensity  of  the  sense-element  in  our  e, 
rience  is  correlated  vnth  the  condition  of  the  nervous  system  as 
acted  on  by  its  appropriate  stimulL  That  the  precise  character 
and  amount  of  our  sensations  are  dependent  upon  what  and  how 
much  of  various  forms  of  physical  energy  acts  upon  the  organs  of 
sense  there  is  scarcely  need  to  say.  But  the  phenomena  which 
demonstrate  the  effect  of  attention  upon  the  sense-element  itself 
prevent  us  from  regarding  the  relation  as  only  one-sided  and  sim- 
ple. The  true  state  of  the  case  is  never  represented  by  considering 
the  sensations  as  mere  passive  impressions  depending  solely  upon 
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the  kind  and  degree  of  the  action  which  the  stimnli  exert  These 
sensations  depend  also  on  the  condition  of  the  mind  at  the  time 
the  stimulating  effect  of  the  excited  sensorium  is  realized  in  con- 
sciousness, and  in  terms  of  consciousness.  To  represent  the  men- 
tal condition  of  attention  as  itself  simply  and  absolutely  dependent 
upon  the  condition  of  the  centres  of  the  brain  is  to  cover  up  mach 
of  our  ignorance  concerning  the  relation  of  body  and  mind  with  a 
scanty  stock  of  conjecture  in  cerebral  physiology.  There  are  manj 
facts  to  countenance  the  reverse  statement — the  condition  of  the 
centres  of  the  brain  depends  upon  the  state  of  the  mind  with  re- 
spect to  attention.  For  the  present  we  content  ourselves  with  this 
expression :  The  sense-element  in  our  experience  is  constantly 
correlated  with  the  condition  of  the  nervous  system  as  imder  excite- 
ment from  its  appropriate  stimuli. 

2.  The  combinatimi,  whether  simultaneous  or  successive,  of  our 
conscious  experiences  is  correlated  with  the  combination  of  the  iw- 
pressions  made,  from  whatever  source,  upon  the  nerxx)us  organim- 
That  the  number  and  form  of  the  different  sensations  composing 
any  presentation  of  sense  is  dependent  upon  the  number  and  qual- 
ity of  the  different  excitations  of  the  nervous  system  which  com- 
bine in  such  presentation  there  can  be  no  doubt.  So,  too,  does 
the  order  and  time-rate  of  the  phenomena  of  consciousness  depend 
upon  the  order  and  time-rate  of  the  separate  excitations  of  the 
nervous  system.  But  no  object  of  sense  can  be  considered  merely 
as  a  compound  of  the  elements  of  sensation  entering  into  it ;  nor  is 
the  nature  of  the  mental  product  to  be  derived  from  the  physical 
laws  according  to  which  the  different  stimulations  modify,  support, 
supplement,  or  inhibit  each  other.  A  mental  synthesis,  an  activity 
that  combines  under  different  laws  from  those  which  govern  the 
putting  together  of  stimuli  of  various  wave-forms  and  degrees  of 
intensity,  must  take  place  in  order  that  one  object  of  sense  may  he 
constructed  out  of  several  sense-element&  Again,  the  order  id 
succession  and  time-rate  of  the  conscious  states  is  not  a  mere  copy 
o*  ihe  order  and  time-rate  of  the  impressions  made  upon  the  ner* 
vous  system.  It  is  simple  matter  of  fact  that  mental  education  id 
the  making  of  those  syntheses  which  take  place  in  all  acts  of  P^*** 
ccption  is  necessary  in  order  to  see  or  touch  extended  "  Thiflg^ 
as  distinguished  from  merely  having  visual  and  tactile  sensatioD* 
Whatever  special  form  of  activity  in  the  cerebral  centres  is  assunied 
as  the  physical  basis  of  this  mental  act  of  synthesis,  it  is  by  do 
means  certain  that  such  cerebral  activity  does  not  as  truly  depeod 
upon  the  mental  act  as  the  mental  act  depends  upon  it  Here 
again,  at  any  rate,  the  word  "  correlation  "  seems  best  adapted  to 
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expresB  the  connection  between  the  physical  basis  and  the  mental 
phenomena. 

3.  Those  phenomena  of  consciousness  which  toe  designate  as 
** memory"  and  ** recoUecliony"  as  well  as  the  play  of  the  repro- 
duced images  of  representation  in  general,  are  correlated  with  the 
molecular  constitution  and  tendencieSy  and  with  the  so-called  ''  d}'- 
namical  associations,"  of  the  elements  of  the  nervous  system.  It  is 
not  necessary  to  repeat  in  this  connection  what  has  already  been 
said  in  proof  of  the  fact  that  these  elements  furnish,  in  part,  the 
necessary  conditions  of  conscious  acts  of  memory  ;  and,  on  the 
other  hand,  that  the  enumeration  of  certain  physical  conditions 
throws  no  light  upon  what  is  peculiarly  menial  in  the  phenomena. 
To  say  that  memory  depends  on  the  condition  of  the  cerebral 
centres  emphasizes  the  relations  involved  in  one  class  of  facts  ;  to 
say  that  memory  depends  upon  the  conscious  act  of  attention,  both 
to  the  original  object  and  to  its  reproduced  image,  presents  the 
relations  involved  in  another  class  of  facts. 

4.  l*he  course  of  thought,  and  all  the  higher  forms  of  self-con-- 
9C\ous  experience^  are  correlated  wUh  the  condition  of  the  cerebral 
centres.  The  dependence  of  these  conscious  mental  activities  upon 
the  quantity  and  character  of  the  blood-supply  in  the  brain,  and 
upon  the  integrity  and  unimpeded  activity  of  its  tissues,  cannot  be 
caUed  in  question.  Of  the  exact  nature  of  this  dependence  we  can 
form  only  a  very  inadequate  picture  ;  and  we  have  no  means  what- 
ever of  subjecting  this  dependence  to  a  rational  explanation.  But, 
on  the  other  hand,  many  of  our  experiences  would  just  as  certainly 
lead  to  the  conclusion  that  the  condition  of  the  cerebral  centres 
depends  upon  the  higher  forms  of  self-conscious  experience.  This 
is  true  of  the  results  of  all  our  voluntary  acts  accompanied  by 
conscious  discernment  and  choice  of  one  among  several  possible 
courses  of  action.  The  facts  of  which  we  ore  sure  in  such  cases 
are  these  :  An  idea  of  something  to  be  done,  an  idea  of  the  means 
(the  parts  of  the  body  to  be  moved,  and  the  sensations  and  feelings 
of  effort  which  are  associated  in  experience  with  such  movement), 
a  fiat  of  will,  and  a  result  in  sensations  and  perceptions  showing 
that  the  movement  has  been  accomplished.  The  actual  movement 
we  trace  back,  under  the  guidance  of  physiological  facts  and  laws, 
to  the  starting  of  some  form  of  nerve-commotion  in  the  requisite 
motor  areas  of  the  cerebrunu  But  unless  we  stoutly,  and  from 
mere  prejudice,  refuse  to  acknowledge  a  possibility  of  the  mind 
exercising  any  influence  upon  the  body,  we  are  warranted  in 
saying  that  this  nerve-commotion  in  the  cerebral  motor  areas  de- 
pends upon  the  preceding  ideas  ending  in  the  fiat  of  will  to  exe- 
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cute  a  certain  form  of  external  motion.  At  this  stage  of  the  discus- 
sion, howeyer,  we  prefer  to  use  the  vague  term  "  correlation  **  to  in- 
dicate the  mutual  connections  between  physical  condition  and  this 
class  of  so-called  higher  mental  phenomena.  It  has  already  been 
made  clear  that  such  connections  are  here  much  less  patent,  direct, 
and  susceptible  of  being  stated  in  the  form  of  general  laws  than 
are  those  of  the  first  two  classes 

6.  ITie  statical  condition  of  the  body  (by  which  we  mean  all 
those  inherited  peculiarities  of  the  organism,  the  sexual  and  tribal 
bodily  characteristics,  the  corporal  constitution  as  dependent  upon 
age,  which  change  only  slowly  and  within  narrow  limits,  or  do  not 
change  perceptibly  at  all)  and  the  general  tone  or  coloring  of  con- 
scious experience  are  correlated.  Upon  this  obscure  subject  we 
may  (at  least  at  present)  wisely  decline  to  take  either  one  of  two 
extreme  and  indefensible  positions.  It  cannot  be  said  to  be  re- 
quired by  the  facts  that  all  the  phenomena  of  consciousness  should 
be  regarded  as  strictly  predetermined  by  the  constitution,  environ- 
ment, and  independent  action  of  the  corporal  elements.  The  reallj 
convincing  argument  for  all  such  thorough-going  organicism  is  the 
wish  to  have  it  so.  At  another  extreme  stands  the  fanciful  philos- 
ophy which  considers  the  mind  as  the  builder  of  the  body— as  hi 
some  way  fashioning  to  its  own  inherent  constitution  and  uses  the 
organs  of  the  physical  mechanism.  This  conclusion,  also,  we  must 
decline  to  accept  without  further  testing.  All  the  facts,  however, 
do  obviously  impress  upon  us  the  conclusion,  how  pervasive,  inti- 
mate, varied,  and  profound  are  the  mutual  relations — the  corrda- 
tions — of  the  physical  mechanism  and  the  phenomena  of  con- 
sciousness. Any  further  speculation  as  to  the  real  nature  of  this 
connection,  and  as  to  the  nature  of  the  subject  of  the  mental  phe- 
nomena— of  the  Mind — must  be  reserved  for  the  succeeding  part  of 
our  inquiry. 
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PART  THIRD. 


THE  NATURE  OF  THE  MIND. 


CHAPTER  I. 

THE  FACULTIES  OP  THE  MIND,   AND   ITS   UNITY. 

§  1.  Up  to  this  point  in  our  peycho-pbysical  inyestigations  we 
have  been  content  to  speak  of  the  mind  simply  as  the  "  subject "  of 
the  phenomena  of  consciousnesa  In  other  words,  the  phenomena 
of  consciousness  may  with  equal  propriety  be  spoken  of  as  mental 
phenomena ;  for  they  are  phenomena  of,  or  appertaining  to,  what 
all  men  indicate  by  the  subject  ''I''  (the  ego)  when  describing  their 
different  conscious  experiences  (comp.  p.  3  f.).  This  indefinite  and 
provisional  recognition  of  the  mind  as  an  existence  to  which  differ- 
ent states,  or  conditions,  or  modes  of  activity,  may  belong  with- 
out destroying  its  unity,  suffices  for  a  simple  description  of  the 
constitution  and  activities  of  the  nervous  mechanism,  and  of  the 
relations  between  it  and  the  phenomena  of  consciousnesa  But 
psychology,  even  when  pursued  from  the  physiological  point  of 
view,  can  scarcely  be  satisfied  to  push  its  inquiries  no  farther  into 
the  nature  of  mind.  Psychology,  from  whatever  point  of  view  it  is 
pursued,  aims  to  perfect  a  science  of  mind.  Like  every  other 
science,  it  strives  to  discover  the  essential  nature  of  that  which  it 
investigates 

Pains  must  indeed  be  taken  to  avoid  substituting  words  for 
things,  abstractions  for  realities.  By  the  "essential  nature'*  of 
mind  we  mean  just  that  nature  which  is  duly  inferred  from  the 
phenomena  as  essential  to  their  rational  explanation.  But  there 
are  especial  and  unique  reasons  why  psychology  should  not  will- 
ingly desist  from  renewed  attempts  at  such  rational  explanation. 
Is  the  subject  of  the  phenomena  of  consciousness — the  so-called 
Mind— entitled  to  be  considered  as  having  unity  and  reality  in  any 
defensible  meaning  of  the  words  ?  Is  it  not  peculiarly  entitied  to 
be  considered  as  a  real  being,  with  a  permanent  and  essential  nature 
of  its  own  ?  It  is  impossible  for  human  reason  not  to  attach  the 
greatest  interest  and  importance  to  these  ultimate  psychological 
inquirie&  A  sentient  and  rational  life,  without  any  self-interest  in 
the  examination  of  its  own  permanent  characteristics,  and  of  the 
grounds  upon  which  it  rests,  would  be  an  absurdily. 


586  BELATIONS  OF  MIND  AND  BRAIN. 

§  2.  Various  objections  may  be  raised  against  allowing  considera- 
tions like  the  foregoing  to  apply  to  the  researches  of  that  branch  of 
psychology  which  is  caUed  "  physiological"  It  may  be  claimed  that 
the  rational  explanation  of  the  mental  phenomena  belongs  to  Meta- 
physics rather  than  to  Physiological  Psychology.  To  a  certain  ex- 
tent the  force  of  such  objections  must  be  admitted.  They  are 
not  of  a  nature,  however,  to  debar  us  from  the  inquiries  that  are  to 
be  raised  in  the  following  chapters.  On  the  contrary,  the  result  of 
the  discoveries  made  by  starting  from  the  point  of  view  held  by 
experimental  science  is  such  as  irresistibly  to  urge  upon  us  some 
of  these  very  inquiries.  For  example,  it  has  been  shown  beyond 
doubt  that  the  construction  of  presentations  of  sense  requires  the 
activity  of  both  body  and  mind,  considered  as  standing  in  peculiar 
relations  to  each  other  with  respect  to  the  conditions  which  they 
furnish  for  the  spatial  relations  and  spatial  properties  of  these  pres- 
entations. But  do  body  and  mind  themselves  exist  in  8X)atial  re- 
lations ;  and  may  the  latter  be  spoken  of  as  having  spatial  prop- 
erties ?  In  other  words :  In  what  sense  can  we  localize  mind  in 
the  body,  or  speak  of  the  body  as  the  seat  or  organ  of  mind? 
Moreover,  as  we  observe  the  two  classes  of  phenomena  (the  organic 
and  the  mental)  the  impression  is  inevitable  that  in  some  sort  they 
keep  pace  with  each  other  in  the  order  of  development.  This  fact 
unavoidably  raises  an  inquiry  as  to  the  relation  of  the  mind  to  the 
body  with  respect  to  its  origin  and  destiny. 

As  a  matter  of  fact,  moreover,  it  is  found  that  those  who  are 
most  inclined  to  complain  at  the  introduction  of  any  '*  metaphysi- 
cal "  inquiries  into  the  discussions  of  physiological  psychology  are 
quite  as  apt  as  others  to  give  groimds  for  the  same  complaint 
against  themselves.  They  themselves  rarely  escape  the  chai^  of 
having  a  so-called  metaphysical  theory  of  the  soul  to  maintain. 
With  such  complainants,  moreover,  it  is  often  from  the  very  begin- 
ning a  foregone  conclusion  what  the  general  nature  of  that  theory 
must  be.  They  decry  metaphysics  and  advocate  a  "  psychology 
without  a  soul."  Yet  they  hold,  as  an  unalterable  but  un verifiable 
assumption,  that  psychological  phenomena  must  not  be  so  discerned 
and  interpreted  as  to  seem  to  require  for  their  explanation  an  ex- 
istence called  "  a  souL" 

§  3.  In  order  to  arrive  at  any  satisfactory  conclusions  regarding 
the  essential  nature  of  the  Mind,  it  is  plainly  necessary  that  we 
should  take  our  point  of  starting  from  a  consideration  of  menial 
phenomena.  For  these  are  the  very  phenomena  for  which  an  ac- 
count is  to  be  given  ;  and  there  is  no  safe  way  of  concluding  what 
is  the  nature  of  any  reaUty,  or  even  of  determining  whether  any 
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asBomed  reality  actually  exists,  except  by  considering  the  phenom- 
ena which  are  attributed  to  it.  The  questions,  how  far  mental 
states  and  mental  changes  are  explicable  by  referring  them  to  ante- 
cedent or  concomitant  states  and  changes  of  states  in  the  nervous 
system ;  and  how  far  such  mental  states  and  changes  require  us  to 
assume  the  existence  of  some  other  real  being  than  the  molecules 
of  the  brain  and  spinal  cord — cannot  even  be  properly  approached 
without  a  clear  knowledge  of  what  these  states  and  changes  in 
themselves  are.  But  the  only  way  to  know  what  mental  phenom- 
ena, 08  phenomena,  in  fact  are,  is  through  observation  of  such  phe- 
nomena by  the  method  of  introspection.  We  must  then  begin  this 
particular  part  of  our  general  discussion  by  changing  for  the  time 
our  point  of  view. 

Much  fault  has  been  found  of  late  with  the  failures  of  the  so- 
called  "old "psychology.  It  has  often  been  explained  at  length 
that  these  failures  were  largely  due  to  its  wrong  method  ;  and,  as 
is  well  known,  its  method  was  almost  exclusively  the  method  of  in- 
trospection or  self-consciousness.  The  exclusive  use  of  this  method 
resulted  in  confining  the  efforts  of  psychology  very  largely  to  the 
rather  barren  task  of  classifying  the  different  kinds  of  mental  activ- 
ities, and  of  discussing  what  so-called  "  faculties  **  must  be  assumed 
to  belong  to  the  mind  in  order  to  account  for  so  many  kinds  of 
activitie&  Now,  classification  of  phenomena  is  certainly  one  im- 
portant part  of  the  work  of  every  science  ;  nor  should  it  be  forgot- 
ten that  much  of  the  more  recent  progress  in  psychology  is  due  to 
previous  painstaking  observations  of  mental  phenomena — resulting 
in  their  classification — from  the  purely  introspective  point  of  view. 
Classification,  however,  is  not  explanation  ;  and  the  "  faculties " 
into  which  the  "  old  psychology  "  divided  the  mind  were  too  often 
mere  names  that  repeated  the  bare  fact  of  the  observer  having  suc- 
ceeded, to  his  own  satisfaction,  in  classifying  the  phenomena.  It 
is  demanded,  however,  in  order  to  make  real  progress  in  psychology 
as  a  science,  that  the  correlations,  under  precise  and  definite  laws,  of 
the  mental  phenomena  with  one  another  and  with  the  events  which 
happen  in  external  nature  shall  be  ascertained.  Nevertheless,  even 
after  adopting  this  view  of  the  problem  we  cannot  dispense  with 
the  method  of  introspection ;  for  we  have  no  other  way  of  ascer- 
taining what  are  the  phenomena  that  require  explanation.  If  the 
further  question  be  raised,  What  is  the  real  nature  of  that  subject 
of  the  mental  phenomena  popularly  spoken  of  as  the  mind?  we 
surely  cannot  approach  the  answer  to  this  question  without  calling 
attention  to  the  nature  of  the  phenomena  themselves. 

So  far  as  the  necessities  of  the  present  discussion  are  concerned^ 
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it  may  be  said  that  there  are  two  rival  and  contrary  ways  of  reply- 
ing to  the  general  inquiry  into  the  nature  of  the  Mind.  One  of 
these  denies  that,  in  order  to  account  for  mental  phenomena,  we 
need  assume — much  less  are  able  to  proye — the  existence  of  any 
reality  other  than  the  material  substance  of  the  living  and  active 
nervous  system  (especially,  or  wholly,  of  the  brain).  The  other, 
on  the  contrary,  claims  that  no  explanation  of  mental  phenomena 
is  possible  without  referring  them  to  a  non-material  or  spiritual 
entity  as  the  real  subject  or  ground  of  them  all.  Both  of  these 
ways  of  explanation  admit  of  various  modifications  The  former, 
as  held  by  its  different  advocates,  has  used  different  terms  to  set 
forth  the  relation  in  which  it  believes  that  the  phenomena  of  con- 
sciousness stand  to  the  states  and  activities  of  the  brain.  The  lat- 
ter, also,  has  by  no  means  always  been  self-consistent  in  its  advo- 
cacy of  the  unique  and  independent  character  of  the  subject  of 
mental  phenomena.  Even  the  power  of  immediately  penetrating 
in  consciousness  the  secret  of  its  own  interior  nature  has  sometimes 
been  claimed  for  the  mind.  The  former  of  the  foregoing  views,  in 
whatever  particular  shape  it  may  occur,  has  customarily  been  re- 
garded as  essentially  the  "materialistic,"  and  the  latter  as  the 
"  spiritualistic,"  theory  of  the  human  'mind.  A  third  view,  which 
regards  both  the  so-called  "  brain "  and  the  so-called  "  mind  "  as 
merely  phenomenal  aspects  of  some  one  reality  that  is  like  neither, 
but  manifests  itself  iu  both,  requires  for  its  discussion  so  much  of 
subtle  metaphysics,  and  is  so  foreign  to  all  the  scientific  material 
Avith  which  we  have  thus  far  been  dealing,  that  it  is  for  the  present 
passed  by  with  a  bare  allusion. 

§  4.  In  the  remaining  part  of  our  discussion  we  shall  be  chief- 
ly occupied  with  consideriDg  which  one  of  the  two  theories  just 
stated  best  accords  with  all  the  facts.  These  facts,  which  are  to 
test  the  theory,  are  facts  of  the  nervous  mechanism,  and  of  the 
correlations  between  this  mechanism  and  the  phenomena  of  con- 
sciousness. The  question  before  us  may  then  be  stated  in  the 
following  provisional  form :  Do  the  phenomena  of  consciousness 
require  for  their  explanation  nothing  more  than  a  statement  of 
those  changes  in  the  material  mechanism  with  which  they  are  obvi- 
ously correlated  ;  or  do  they  also  require  the  assumption  of  one 
real  and  non-material  being  as  the  subject  and  ground  of  them  all? 
To  repeat  a  remark  already  made,  the  approach  to  this  question 
must  be  through  the  introspective  study  of  mind ;  for  only  such 
study  can  tell  us  what  the  phenomena  of  consciousness  actuidly  ar& 

§  5.  It  is  so  obvious  as  scarcely  to  need  or  admit  of  debate,  that 
mental  phenomena  are  not  identical  with  the  changing  conditions 
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and  actiyities  of  the  nervous  system.  However  our  states  of  con- 
sciousness may  be  related  to  the  states  of  the  brain— -even  if  the 
former  are  absolutely  and  without  exception  dependent  upon  the 
latter — the  two  are  certainly  not  the  same.  What  the  exact  states 
of  the  brain  are  vidth  which  any  of  the  mental  states  are  correlated 
we  know  only  very  imperfectly  and  by  remote  conjecture.  But  so  far 
as  we  do  know  anything  about  the  particular  molecular  activities 
of  the  central  nervous  system  which  are  most  directly  connected  with 
the  phenomena  of  consciousness,  they  do  not  differ  essentially  from 
other  molecular  activities  of  this  system  not  thus  connected  with 
consciousnesa  The  chemical  constitution  and  structural  form  of 
the  nerve-fibres  and  nerve-cells  of  the  brain  do  not  differ  from 
those  of  the  spinal  cord  in  any  such  respect  as,  of  itself,  to  account 
for  the  difference  in  the  relations  in  which  the  two  stand  to  con- 
scious mental  statea  They  do  not  so  differ  even  from  the  mole- 
cules which  enter  into  the  living  plant  or  animal  of  much  lower 
species,  mentally,  than  man.  It  is  a  surprise,  from  which  scientific 
investigation  can  never  recover,  to  find  that  the  connection  between 
our  sensations,  mental  images,  and  volitions  and  the  peculiar  ma- 
terial constitution  and  functions  of  the  cerebral  mass  of  nervous 
matter  should  be  so  intimate  as  it  undoubtedly  is.  The  foregoing 
fact  shows  that  it  is  quite  impossible  to  ^regard  the  two  classes  of 
events — the  molecular  changes  of  the  central  nervous  mass  and  the 
happenings  of  our  conscious  experience — as  one  and  the  same. 

All  physical  events  are  modes  of  motion — alterations  in  the  re- 
lations of  the  material  atoms  or  masses  to  each  other  in  space. 
This  is  as  true  of  the  human  brain  as  it  is  of  the  clod  of  the  valley. 
Its  atoms  cannot  be  conceived  of  as  doing  anything,  so  long  as  they 
remain  material  atoms,  that  does  not  essentially  consist  merely  in 
changing  their  relations  in  space  to  other  material  atoms.  This 
is  the  activity  which  chemistry  supposes  to  be  continually  taking 
place  as  the  work  of  nutrition  and  depletion  in  the  nervous  cen- 
tres accompanies  the  process  of  thought ;  this  is  what^  as  general 
"nerve-physiology  "  rightfully  conjectures,  occurs  when  any  form 
of  stimulus  acts  upon  the  afferent  nerve  through  the  end-organs 
of  sense,  and  corresponding  states  of  sensation  arise  in  the  mind. 
But  the  conscious  process  of  thinking  is  not  the  change  in  the 
chemical  constitution  of  the  nervous  mass  ;  the  conscious  sensa- 
tions are  not  the  wave-like  movements  of  nerve-fibres  and  nerve- 
cella  It  is  not  simply  true  that  to  identify  these  two  kinds  of 
phenomena — phenomena  of  the  motion  of  material  atoms  and 
phenomena  of  change  in  mental  states — is  difficult  for  the  average 
mind,  but  attainable  by  the  scientific  observer ;  it  is  rather  true 


690  RELATIONS   OF  KIND  AND  BRAIN. 

that  no  mind  can  frame  any  intelligible  idea  of  what  could  be 
meant  by  identifying  the  two. 

Moreover,  the  history  of  investigation  shows  that  a  man  may  be 
highly  trained,  both  in  the  observation  of  the  phenomena  of  the 
animal  body  and  of  his  own  self-conscious  mind  (for  example, 
Aristotle),  without  even  suspecting  the  important  relation  which 
exists  between  the  latter  and  the  cerebral  mass.  Indeed,  there  is 
no  distinction  which  all  men  are  compelled  to  make  more  clearly 
than  that  between  their  own  conscious  states  and  the  changing  con- 
ditions, by  way  of  motion,  of  the  masses  and  molecules  of  matter. 
All  theory  which  assumes  the  possibility  of  identifying  molecular 
motions  of  brain-atoms  with  the  shifting  forms  of  mental  experi- 
ence, or  attempts  to  set  forth  the  peculiar  nature  of  the  latter  by 
simply  stating  the  conjectured  laws  which  control  the  former,  in- 
creases the  general  confusion  which  tends  to  surround  the  whole 
subject 

§  6.  Furthermore,  it  is  not  easy  to  see  what  could  possibly  be 
meant,  that  is  worth  serious  consideration,  by  speaking  of  the  phe- 
nomena of  consciousness  as  the  product  of  the  brain.  By  the  word 
"product  "we  ordinarily  understand  the  new  form  into  which  a 
material  substance  has  been  thrown  by  the  action  upon  it  of  some 
machine  or  mechanism.  Thus  we  call  certain  secretions  of  the  body 
the  "  product "  of  the  tissues  where  they  are  secreted  in  somewhat 
the  same  way  as  that  in  which  we  speak  of  the  products  of  the 
field  or  of  the  loom.  The  function  of  the  living  molecular  mech- 
anism of  which  certain  tissues  consist  is  exercised  in  producing 
from  the  pabulum  brought  to  them  by  the  blood  the  secretions  of 
gastric  juice  and  bile.  To  speak  of  mental  states  and  processes  as 
the  "  product  **  of  the  nervous  mass  of  the  brain,  in  any  sense  of 
the  words  corresponding  to  that  which  we  rightly  apply  to  the 
various  secretions  of  the  body,  involves  us  at  once  in  the  grossest 
absurdities.  The  secretory  product  of  the  brain  is  the  fluid  found 
in  certain  of  its  cavities ;  its  nutritive  product,  so  to  speak,  is  the 
new  nervous  tissue  which  is  constancy  being  formed  from  the 
blood  by  that  activity  of  reproducing  its  own  kind  which  this  tis- 
sue has  in  common  with  other  living  tissues.  But  this  fluid  and 
these  nttwly  produced  molecules  or  nerve-corpuscles  in  the  brain 
are  in  themselves  no  more  like  mental  processes,  and  no  more  to  be 
identified  with  such  processes,  than  ore  the  tears  that  flow  from  the 
tear-ducts  or  the  pus  that  exudes  from  a  wound.  In  so  crass  a 
way  of  speaking  it  is  difficult  to  distinguish  what  can  properly  be 
meant  by  comparing — under  the  term  "  product " — the  relation  of 
conscious  sensation  and  tUbught  to  the  brain  with  the  relation  of 
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the  gastric  juice  to  the  stomach  or  of  the  pancreatic  juice  to  the 
pancreaa 

There  is  another  and  more  plausible  use  of  the  word  '' product  ** 
to  describe  the  connection  between  the  nervous  matter  of  the  brain 
and  the  phenomena  of  consciousness.  When  a  system  of  material 
molecules  is  acting  under  relations  to  each  other  which  are  deter- 
mined by  their  constitution,  arrangement,  and  environment,  we  may 
speak  of  the  constantly  new  relations  which  they  assume  as  the 
produd  of  their  previous  constitution  and  arrangement,  and  of 
whatever  influences  act  upon  them  from  material  molecules  outside 
of  the  system  (the  environment).  Thus  the  functional  activity  of 
the  nervous  centres,  the  complex  and  interacting  nerve-commotions 
of  the  brain,  might  be  regarded  as  the  product  of  the  matter 
constituting  these  centres.  This  manner  of  speaking  has  certain 
marked  advantagea  It  emphasizes  the  merely  mechanical  point  of 
view.  It  insists  upon  the  valid  assumption  that  the  account  of 
every  change  that  arises  in  the  material  particles  out  of  which  the 
brain  is  composed  must  be  sought  for  in  the  previous  constitution 
and  arrangement  of  those  same  particles  as  acted  upon  by  stimuli 
either  external  or  internal  to  the  whole  broin-masa 

Let  us  suppose,  for  the  sake  of  illustration,  an  incredible  increase 
in  our  powers  of  observation.  Let  us  suppose  that  it  were  possible 
with  the  microscope  to  discern  the  exact  chemical  constitution  of 
every  molecule  of  the  nervous  substance  of  the  brain,  to  watch  the 
motion  of  all  the  atoms  composing  these  molecules  as  chemical 
changes  take  place  or  as  waves  of  nerve-commotion  in  infinite  va- 
riety move  hither  and  thither  among  its  countless  nerve-fibres  and 
nerve-cell&  All  this  would  be  in  itself  absolutely  nothing  more  than 
an  expansion  imder  the  eye  of  the  observer  of  what  he  sometimes 
sees  in  somewhat  grosser  form — for  example,  in  the  amcBba — and 
of  what  he  infers  is  constantly  taking  place  in  every  kind  of  nervous 
iissua  The  status  of  the  system  of  moving  molecules  at  each  in- 
stant is  to  be  explained — so  far  as  explanation  is  possible — from  its 
status  at  the  preceding  instant,  in  connection  with  any  influences 
brought  to  bear  upon  it  from  the  outside.  Moreover,  all  such  out- 
side influences,  so  far  as  they  are  of  a  physical  sort,  are  nothing  but 
modes  of  the  molecular  activity  of  other  material  particles.  Looked 
at  in  this  way,  the  product  of  the  brain  is  the  molecular  activity  of 
the  brain.  That  is  to  say,  the  function  of  this  unique  system  of 
molecoles  is  to  be  constantly  in  motion,  in  the  form  of  activity 
which  we  have  already  examined  as  '*  nerve-commotion." 

Bat  if  the  foregoing  statement  be  admitted,  how  does  it  help  us 
in  the  least  to  understand  the  phenomena  of  consciousness  regarded 
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he  product  of  the  brain  ?    In  order  to  hold  that  mental  phe- 
lena  are  related  to  the  substance  of  the  brain,  in  the  same  way 
that  in  which  the  nerve-commotions  or  molecular  changes  are 
ated  to  the  same  substance,  we  must  identify  mental  phenom- 
a  with  molecular  changes.     But  we  have  already  seen  that  it  is 
ipossible  to  identify  the  two  classes  of  phenomena,  as  phenomena. 
he  phenomena  of  nenre-commotion  may  be  regarded  as  the  prod- 
ct  of  the  nervous  mass  in  which  they  occur  ;  that  is,  they  may 
>e  attiibuted  to  the  constitution  and  arrangement  of  the  molecules 
tvhich  compose  this  mass,  as  showing  what  the  mass  can  do.     But 
the  phenomena  of  consciousness  cannot  be  regarded  as  the  product 
of  the  same  nervous  mass  in  any  similar  meaning  of  the  word 
"product." 

§  7.  Yet  another  unsatisfactory  way  of  regarding  the  relation 
between  the  brain  and  conscious  mental  phenomena  requires  a 
more  detailed  and  careful  consideration.  Everything  in  our  pre- 
vious examination  has  tended  to  show  that  the  molecular  changes 
which  go  on  in  the  brain,  whether  they  are  occasioned  by  afferent 
impulses  that  originate  in  the  application  of  stimuli  to  the  end- 
organs  of  sense,  or  by  the  modified  amount  and  quality  of  the  blood- 
supply,  are  not  only  regular  antecedents,  but  true  causes  of  what 
takes  place  in  the  mind.  All  the  second  part  of  this  treatise  was 
occupied  in  pointing  out  the  different  classes  of  such  relations 
between  physical  antecedents  and  consequent  mental  phenomena. 
[The  objections  which  are  ordinarily  urged  against  speaking  of 
physical  changes  as  the  cause  of  the  phenomena  of  consciousness 
will  be  raised  and  answered  later  on.] 

It  is  plain  to  every  unprejudiced  mind  that,  in  some  valid  sense, 
changes  in  the  condition  and  activity  of  the  subst&nce  of  the  brain 
are  specially  related  to  certain  of  the  shifting  phenomena  of  con- 
scious mental  life.  From  this  admission,  which  is  enforced  bv  the 
entire  study  of  Physiological  Psychology,  the  temptation  is  strong 
to  proceed  at  once  to  the  completion  of  an  apparently  simple  and 
comprehensive  theory.  This  theory  claims  that  all  mental  phenom- 
ena, whatever  their  varied  characteristic  shading,  have  exact  equiva- 
lents, as  it  were,  in  specific  forms  of  the  nerve-commotion  of  the 
living  brain.  Every  such  phenomenon,  therefore,  is  only  the  man- 
ifestation of  what  has  previously  taken  place,  or  is  simultaneously 
taking  place,  in  the  physical  molecular  structure  of  the  nervous 
centres.  To  employ  a  figure  of  speech — for  every  state  and  action 
of  the  so-called  mind  in  consciousness,  that  collection  of  nerve- 
fibres  and  nerve-cells  which  we  call  the  brain  exacts  a  payment 
in  some  special  kind  of  coin.     For  example,  with  the  moleoolar 
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changes  in  the  sabstance  of  the  brain  which  may  be  designated  A, 
B,  C,  D,  etc.,  the  mental  states  called  a,  P,  y,  8,  etc.,  are  uniformly 
and  necessarily  joined;  and  with  the  combination  of  molecular 
changes  which  may  be  described  by  A  -f  B  -f  C  -h  D,  etc.,  the 
mental  states  a  +  /?  +  y  +3,  etc.,  are  as  imiformly  and  necessarily 
joined.  When  the  molecular  changes  recur  in  a  fainter  or  modi- 
fied form,  as  A',  B',  C,  D',  then  there  must  be  a  recurrence  of  the 
corresponding  mental  states,  only  in  fainter  form,  as  a',  /^',  y\  S\ 
Finally,  it  is  without  exception  true — so  this  theory  holds — that 
nothing  happens  in  the  mind  by  way  of  conscious  sensation,  pres- 
entation of  objects  of  sense,  ideation,  reproduction  of  mental  im- 
ages, and  higher  sesthetic  feeling  or  intellectual  processes  or  choice, 
which  does  not  find  its  only  real  explanation  in  the  equivalent 
changing  states  of  the  nervous  system. 

§  8.  Our  first  impression  on  considering  the  foregoing  way  of  ac- 
counting for  mental  phenomena  is  that  of  a  certain  surprising  audaci- 
ty. The  theory,  standing  on  a  slender  basis  of  real  fact,  makes  a 
leap  into  the  dark  which  carries  it  centuries  in  advance  of  where 
the  light  of  modem  research  is  now  clearly  shining.  Physiological 
Psychology,  as  we  have  been  compelled  to  regard  it,  has  been  seen 
to  be  encompassed  with  difficulties  at  every  step ;  and  some  of 
these  difficulties  appear  absolutely  insurmountable.  It  has  achieved 
its  greatest  triumphs  in  giving  a  physical  and  physiological  expla- 
nation of  the  variations  in  the  quantity  and  quality  of  sensation, 
and  of  the  time-rate  of  the  simpler  mental  processes.  But  even  in 
these  domains  of  greatest  achievement  it  is  found  that  almost  every- 
thing needed  for  an  exact  science  of  the  relations  of  the  molecular 
changes  in  the  substance  of  the  brain  and  the  changes  in  states  of 
consciousness  is  lamentably  deficient.  In  the  first  place,  little  prog- 
ress has  been  made  in  framing  a  theory  of  the  nature  of  the  phys- 
ical changes  themselves.  Physical  science  is  not  as  yet  able  to  deal 
with  the  phenomena  of  nervous  action,  as  shown  even  by  a  single 
living  nerve  with  a  muscle  attached  when  acted  upon  by  any  one 
form  of  external  stimuli ;  how  much  less,  then,  with  that  vast  com- 
plex of  nerve-fibres  and  nerve-cells  which  constitutes  the  human 
brain  !  As  to  purely  physical  explanations  of  the  variations  in  the 
quantity  of  sensations  we  are  also  in  great  doubt  No  adequate 
means  exist  for  measuring  accurately  the  changes  in  the  amount  of 
all  the  stimuli  which  act  on  the  end-organs  of  sense.  We  have  less 
knowledge  of  the  laws  which  regulate  the  amount  of  excitation  set 
up  in  these  organs  by  changes  in  the  amount  of  stimuli;  and 
scarcely  any  real  knowledge  at  all  of  what  molecular  changes  take 
place  within  the  central  organs  when  the  afferent  nerves  have  stirred 
88 
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them  to  their  characteristic  action.    Hence  Fechner'a  laws,  con- 
sidered as  merely  empirical  statements  of  relations  between  the 
amounts  of  certain  external  stimuli  and  our  judgments  under  ex- 
traordinary conditions  as  to  how  much  we  are  affected  thereby,  are 
readily  diluted.     But  considered  as  setting  forth  the  essential  re- 
lations which  exist  between  the  physical  changes  in  the  brain  and 
the  intensities  of  the  resulting  mental  changes  they  are  quite  inde- 
fensible.    MoreoTer,  the  amount  of  our  being  affected,  the  quan- 
tity of  the  sensation  which  results  from  the  application  of  physical 
stimulus,  can  be  determined  only  by  the  judgment  of  the  same 
consciousness  which  is  affected  with  the  sensation.     But  judgment 
itself  IB  a  form  of  mental  phenomena  for  the  essential  part  of 
which  no  physical  equivalent  can  be  discoyered  or  eyen  conceived 
of. 

What  has  just  been  said  concerning  our  inability  to  giye  a  com- 
plete physical  explanation  of  variations  in  the  quantity  of  seiusa- 
tions  appUes  with  equal  force  to  their  qualities  and  time-relationa 
But  even  if  the  whole  field  of  sensation,  as  respects  the  amounta^ 
kinds,  and  order  in  time  of  its  phenomena,  were  already  covered  bj 
such  purely  physical  explanation  as  refers  them  wholly  to  changes 
in  the  molecular  condition  of  the  brain,  the  above-mentioned  theorv 
would  by  no  means  be  established.     For  in  investigating  the  corre- 
lations which  undoubtedly  exist  between  the  nervous  mechanism 
and  the  phenomena  of  consciousness,  it  is  found  that  some  of  these 
phenomena  imply  activities  of  the  mind  which  do  not  admit,  in  aoj 
sense  of  the  word,  of  being  thus  correlated.     For  an  esumiple  upon 
this  point,  we  may  refer  to  what  was  said  (Part  IL,  chapters  YL  and 
VIL)  as  to  a  mental  synthesiB  being  implied  in  the  formation  of  all 
presentations  of  sense.     **  Things  "  are  not  mere  loose  aggregates 
of  sensations.     They  are  the  results  of  mental  synthetic  acts,  the 
laws  of  which  cannot  be  attributed  solely  to  the  various  ways  in 
which  the  physical  molecules  of  the  brain  are  made  to  move  by  the 
action  of  stimuli  reaching  them.     Let  it  be  admitted  that,  vnth  in* 
creased  information,  we  should  find  the  scale  of  varieties  in  the 
kinds  of  mental  phenomena  called  sensations  corresponding,  point 
for  point,  to  the  scale  of  varieties  in  the  manner  of  the  motion  of  the 
waves  of  nervous  excitation.     Let  it  also  be  admitted  that  the  scale 
of  the  changes  in  the  intensities  of  mental  phenomena,  that  are  of 
the  same  kind,  corresponds  with  equal  exactness  to  the  scale  oi  the 
changes  in  the  vibratory  swing  of  these  waves.     Let  it  be  still 
further  admitted  that,  whenever  any  presentation  of  sense  occurs, 
there  exists  a  kind  and  amount  of  various  excitations  simultane- 
ously effected  in  the  brain  which  corresponds  exactly  to  this  par- 
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ticular  presentation  of  sensa  The  mere  congeries  or  common 
occurrence  of  such  sensations,  as  the  necessar}'  result  of  the  exci- 
tations of  the  brain,  does  not  constitute  a  real  **  Thing."  Each 
"thing"  implies,  not  simply  a  vast  number  of  moving  physical 
molecules,  on  the  kind  and  amount  of  whose  motion  the  phenomena 
of  conscious  sensation  are  dependent,  but  a  uniting  energy  and  a 
unity  in  mind.  Fifty  million  molecules,  even  when  they  are  highly 
complex  and  unstable  phosporized  compounds,  gyrating  in  the  most 
wonderful  fashion  with  inconceivable  rapidity,  certainly  do  not 
constitute  one  thing.  They  do  not,  then,  by  molecular  constitution 
and  activities,  even  constitute  a  physical  basis  which  is  conceivable 
as  a  representative  or  correlate  of  one  thing.  Each  molecule  among 
them  all,  even  in  order  to  be  conceived  of  as  being  itself  one  such 
thing  among  the  other  millions  of  more  or  less  similar  but  not 
identical  molecules,  is  dependent  upon  this  same  synthetic  activity 
of  the  mind. 

§  9.  Still  further,  the  study  of  metaphysics  shows  us  that  certain 
assumptions,  which  are  not  of  a  sensuous  character,  or  verifiable 
at  all  by  an  appeal  to  the  sensations,  enter  into  every  presentation 
of  sense.  No  such  presentation  of  sense  consists  of  a  mere  put- 
ting together  of  individual  sensations.  Whatever  account  one  may 
choose  to  give  of  the  nature  and  origin  of  this  behef,  there  can  be 
no  doubt  that  all  men  do  believe  that  the  "  things  "  they  perceive 
are  neither  bare  groupings  of  mental  phenomena  nor  forms  of  the 
molecular  motion  of  a  nervous  mass  ;  men  believe  that  things  are 
real  existences  set  in  space  outside  of  their  own  bodies.  Things 
are  known  as  real ;  they  are  supposed  to  hat}e  attributes  ;  they  act 
on  each  other  and  on  us  who  observe  them  ;  they  exercise  force  ; 
they  are  extended  and  movable  in  space,  and  continue  uninterrupt- 
edly through  more  or  less  of  time.  To  be  all  this  is  necessary  in 
order  to  be  a  "Thing."  Now,  the  assumptions  which  enter  into 
the  popular  belief  may  be  regarded  as  all  true  or  all  false,  or  as 
partly  false  and  partly  true,  in  the  form  in  which  men  ordinarily 
hold  them.  But  not  one  of  them  is  capable  of  being  justified,  or 
in  any  way  accounted  for,  by  an  enumeration  of  the  sensory  states 
into  which  consciousness  is  thrown  by  the  action  of  the  stimuli 
on  the  nervous  system.  Much  less  is  it  accounted  for  by  refer- 
ence to  certain  hypothetical  wave-like  motions  in  the  substance  of 
the  brain.  That  such  wave-like  motions  occur  we  have  no  doubt 
That  the  changes  in  the  quantity  and  quahty  of  the  sensations  are 
related  to,  and  dependent  upon,  the  intensity  and  the  kind  of  these 
motions  is  a  most  reasonable  conjecture.  That  the  motions  which 
are  correlated  with  the  presentations  of  sense  differ  in  kind  or  de- 
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36  from  those  which  are  correlated  witli  mere  images  of  imagi- 

*tion  may  also  be  true.     It  is  true,  furthermore,  that  our  percep- 

ODS  and  ideas  of  the  extension  and  motion  of  things  are  dq)endent 

)T  their  characteristics  in  great  measure  upon  the  structure  of 

he  physical  organism.     But  it  is  impossible  to  conoei?e  of  any 

lOrm  of  molecular  motion  which  could  serve  as  the  physical  basis 

or  physical  representative  of  any  of  those  metaphysical  assumptions 

which  enter  into  all  knowledge  of  things.     What  kind  of  nervous 

action  can  be  the  equivalent  of  an  unchanging  conviction  or  belief 

>  in  the  reality  and  true  causal  energy  of  all  things  both  visible  and 

invisible  ?     What  splitting  up  of  Uie  chemical  constitution  of  the 

molecules  of  nervous  substance,  or  difference  in  the  character  of 

their  agitations,  can  be  conceived  of  as  analogous  to,  or  serving  as 

true  cause  of,  the  distinction  which  is  involved  in  our  speaking  of 

each  Thing  as  though  it  were  a  substance  with  attributes  ? 

Reference  to  what  has  already  been  said  (Part  IL,  chapter  X.) 
concerning  the  impossibiHty  of  assigning  a  physical  basis  to  the 
mental  operations  of  voluntary  recollection,  with  its  recognition  of 
similarity,  to  attentive  choice,  and  to  all  the  discrimination  which 
underlies  the  work  of  the  intellect  proper,  will  furnish  farther  oc- 
casion for  distrusting  the  above-mentioned  theory.  For  example, 
the  new  process  of  physical  excitation,  which  serves  as  the  **  basis  " 
— so  to  speak — of  any  image  of  memory,  may  be  similar  to  the 
process  which  served  as  the  basis  of  the  original  presentation  of 
sense.  But  the  mental  act  of  recognizing  the  similarity  of  the  ob- 
ject before  the  mind  to  one  no  longer  before  it,  and  yet  of  distin- 
guishing the  former  from  the  latter  as  characterized  by  the  time  in 
which  it  occurs,  does  not  admit  of  being  conceived  of  under  any 
analogy  to  such  physical  pix>cesses.  The  same  thing  may  be  said 
of  consciousness  in  itself  considered,  and  so  of  every  mental  phe- 
nomenon considered  as  being  what  it  actually  is — a  phase  of  con- 
sciousness. But  to  make  clear  this  aspect  of  the  case  requires  that 
we  should  resume  the  consideration  of  the  so-called  ''material- 
istic" theory  6f  the  relations  between  mental  phenomena  and  ner- 
vous substance  from  a  slightly  different  point  of  view. 

§  10.  There  can  be  no  doubt  that  the  popular  and  weUnigh  uni- 
versal belief  regards  the  subject  of  the  mental  phenomena  as  a  real, 
non-matenal,  and  permanent  being.     This  belief  also  undoubtedly 
regards  this  subject  as  one  indivisible  being,  a  "  unit-being.'*    Id 
other  words,  the  prevalent  conception  of  the  Mind  is  that  of  ai 
existence  which  is  spiritual  and  is  a  unity  in  some  unique  sensr 
The  many  objections  which  have  been  raised  against  the  befa* 
may  be  divided  into  two  classes — one  of  which  may  be  call 
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metaphjsical,  and  the  other  physiological  or  physical  The  meta- 
physical objections  arise,  in  part,  from  the  difficulty  which  is  felt 
in  defining  what  is  meant  by  "  reality,"  "  spirituality  "  (or  non- 
materiality),  and  "  unity  "  in  that  strict  sense  in  which  these  terms 
are  thought  to  apply  to  the  mind.  The  consideration,  both  of 
these  objections  and  of  that  way  of  considering  the  facts  which  es- 
capes them  as  far  as  possible,  will  be  for  the  present  postponed. 
But  the  other  class  of  objections  arises  from  the  very  facts  with 
which  it  is  the  special  business  of  the  science  of  Physiological 
Psychology  to  deaL  It  may  be  summaril}'  stated  in  the  form  of 
questions  like  the  following  :  What  kind  of  permanent  reaUty  can 
belong  to  a  being  whose  essential  characteristic  of  having  various 
states  of  consciousness  can  be  temporarily  laid  aside  when  the  brain 
sleeps  or  is  deprived  of  its  blood-supply ;  or  can  be  wholly  lost 
when  certain  nervous  centres  are  subjected  to  permanent  pressure 
or  destroyed  by  disease  or  the  surgeon's  knife  ?  How  can  non- 
materiality  be  afi&rmed  of  phenomena  which — so  far  as  we  can 
trace  them  at  all — exist  only  in  immediate  dependence  upon  a  cer- 
tain chemical  constitution,  structural  form  and  arrangement,  and 
functional  activity  of  material  atoms  ?  How  can  the  claim  of  be- 
ing the  highest  unity  be  made  for  that  which  exists  at  all  only  as  it 
is  in  a  constant  flux  ;  which,  indeed,  is  possessed  of  its  one  charac- 
teristic activity  of  being  conscious,  only  on  condition  that  it  divides 
itself  into  subject  and  object  and  experiences  a  constant  change  of 
the  forms  in  which  it  is  conscious  ? 

In  spite  of  such  objections  from  the  physiological  point  of  view 
as  are  the  foregoing,  the  popular  assumption,  when  freed  from  its 
crudities  and  interpreted  intelligently,  may  be  shown  to  be  the  only 
one  compatible  with  all  the  facts  of  observation.  It  may  be  shown 
that  it  is  demanded  by  these  facts.  On  the  contrary,  the  attrib- 
uting of  mental  phenomena  to  the  substance  of  the  brain  (with  or 
without  including  the  rest  of  the  nervous  substance)  does  not  satisfy 
the  facts  of  observation.  The  relation  between  brain  and  mind  is 
not  such  that  the  former  can  be  considered  as  a  real  being,  of  which 
the  phenomena  of  the  latter  may  be  regarded  as  activities.  Another 
real  being  must  be  assumed  to  exist  as  the  subject  of  the  mental 
phenomena — a  being  with  a  nature  quite  unlike  that  of  material 
molecules. 

§  11.  The  phenomena  whose  relation  to  the  molecules  of  the  ner- 
vous system  is  in  dispute  are  phenomena  of  consciousness.  Noth- 
ing in  regard  to  these  phenomena  is  more  impressive,  upon  first 
subjecting  them,  as  such,  to  introspective  observation,  than  their 
surprising  complexity  in  unity.     Or  we  may  rather  say,  the  way  in 
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which  all  states  of  consciousness,  however  different  they  may  be 
with  respect  to  characteristic  quality  or  origin,  are  attributed  by 
the  conscious  subject  to  one  subject  as  his  ovm  states  is  the  most 
surprising  of  all  facts.  This  fact  underlies  all  the  truths  and  laws 
into  which  psychology  inquires,  whether  starting  from  the  physio- 
logical or  from  some  other  point  of  view. 

It  has  been  customary  for  psychologists  to  classify  all  the  mental 
phenomena  under  a  few  so-called  "  faculties  "  of  the  mind.  The 
objection  has  often  been  made  to  such  classification  that  it  tends 
to  confuse  or  destroy  a  just  appreciation  of  the  unity  of  mind.  A 
more  obvious  objection  to  the  ordinary  psychological  classification 
is  perhaps  this,  that  it  fails  to  take  due  account  of  the  vast  com- 
plexity of  mental  phenomena.  For — it  should  never  be  forgotten — 
mental  phenomena  are  always,  primarily  considered^  nothing  more 
than  events.  This  is  true  of  sensations  and  perceptions,  with  all 
their  objective  reference,  as  well  as  of  acts  of  imagination  and  of 
so-called  pure  thought.  The  yellow  of  the  watch,  the  red  of  the 
rose,  which  I  see,  are  modes  of  the  affection  of  my  consciousnessL 
Excluding  for  the  present  all  reference  to  any  metaphysical  assump- 
tions, these  colors  are  simply  events  in  consciousness.  The  rcAl 
processes  outside  of  consciousness — the  objective  existences  and 
events — to  which  the  events  in  consciousness  are  referred  by  science 
are  in  no  sense  similar  to  the  events  of  consciousness  themselves. 
What  the  real  process  outside  of  consciousness  is — whether  it 
consist  of  rapidly  vibrating  waves  of  ether,  or  of  photo-chemical 
changes  in  the  tissues  of  the  retina,  or  of  nerve-commotions  prop- 
agated along  the  optic  nerve  and  in  the  upper  occipital  lobe  of 
the  brain — we  know  only  by  doubtful  inference  from  certain  con- 
scious affections  of  our  own  to  certain  material  existences  assumed 
to  exist  out  of  consciousness.  Whether  the  right  to  make  these 
inferences  be  disputed  or  allowed,  there  can  be  no  dispute  over  the 
statement  that  the  phenomena  of  conscious  vision  are  not  copies  of 
any  of  these  external  events.  What  is  true  of  colors  is  also  plainly 
true  of  smells,  and  tastes,  and  sounds.  These  sensations  are  all 
events  in  consciousness.  Eecent  researches  into  the  nature  of  the 
sensations  which  come  through  the  excitation  of  the  skin  show  that 
these  also  are,  primarily  considered,  mental  events  of  various  kinds ; 
such  as  having  the  feeling  of  cold,  or  of  heat,  or  of  pain,  or  of 
pressure,  or  of  motion,  etc. 

Moreover,  the  modem  experimental  view  of  the  way  in  which  the 
sensations  are  localized  and  synthetically  combined  to  form  the 
presentations  of  sense  shows  that  the  latter  also  must  be  consid- 
ered as  being,  primarily,  mental  events.     Of  coiirse  there  is  a  sense 
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in  which  it  is  absurd  to  say,  not  simply,  ''  Perceptions  of  things  are 
always  merely  mental  events  ;  '*  but  tdso,  "  Things  themselves  are 
merely  mental  events."  It  has  already  been  shown  that  certain  as- 
sumptions enter  into  all  our  perceptions  and  conceptions  of  so- 
called  ''  things  ;  "  but  that  even  the  attempt  to  account  for  these 
assumptions,  by  assigning  them  to  any  conceivable  form  of  a  physi- 
cal basis  in  the  brain,  leads  to  absurdity.  Still  there  is  also  a  sense 
in  which  "  things,"  that  can  certainly  never  be  any  different  with 
respect  to  their  known  qualities  from  the  way  in  which  they  appear 
to  us  when  perceived,  are  mental  event&  Sensations  are  mental 
events  ;  the  discriminating,  combining,  and  localizing  of  sensations 
are  mental  events.  Things  to  us  are  never  more  than  discrimi- 
nated, combined,  and  localized  sensations,  plus  the  metaphysical 
assumptions  to  which  reference  has  been  made. 

§  12.  Reflection  upon  facts  like  those  just  stated  leads  us  to  won- 
der at  the  enormous  complexity  of  mental  phenomena.  For  the 
purposes  of  the  practical  life  we  are  warranted  in  regarding  the 
surrounding  world  as  composed  of  a  limited  number  of  material 
existences  that  undergo  little  or  no  change  from  day  to  day.  But 
this  way  of  regarding  the  objects  of  experience  does  not  at  all 
satisfy  the  demands  of  psychological  inquiry.  Such  inquiry  con- 
siders the  knowledge  of  external  nature,  as  well  as  of  what  is  recog- 
nized as  pertaining  most  strictly  to  the  world  within,  to  involve  an 
unceasing  change  in  the  activities  of  consciousnes&  Indeed,  with 
the  limitations  already  referred  to,  we  may  say  that  the  entire 
world,  so  far  as  it  is  ovr  world,  consists  only  of  these  changing 
statea  It  follows,  then,  that  the  first  truth  of  which  we  have  to 
take  account  is  the  following:  Our  entire  conscious  existence — 
whether  regarded  simply  as  being  ourselves  affected  in  a  certain 
way  or  as  having  a  purely  objective  experience  of  the  existence  and 
qualities  of  so-called  Things — is  a  continually  shifting  succession 
of  individual  mental  activities,  no  one  of  which  is  exactly  like  any 
other  or  is  to  be  considered  as  a  mere  repetition  of  any  other. 

It  would  be  acknowledged  by  all  that  a  mental  state  of  pain  on 
account  of  toothache  is  different  from  a  state  of  pleasure  in  smell- 
ing a  rose ;  that  the  sensation  of  yellow  is  unlike  the  sensation  of 
red,  and  that  these  sensations,  in  common  with  all  sensations  of 
color,  are  imlike  those  of  touching  a  cold  piece  of  iron  or  of  hear- 
ing a  musical  tone.  All  the  practical  activities  of  men  are  based 
upon  the  conviction  that  the  individual  things  with  which  they 
deal  differ  from  each  other — not  simply  in  respect  to  the  qualities 
they  have,  and  the  degree  in  which  they  severally  possess  these 
qualities,  but  also  as  separate  real  beings  differ.     But  the  truth 
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now   nnder  oonBideration  reaches  farther  than  this  oommon  ac- 
kDOwledgment.    Strictlj  speaking,  from  the  point  of  view  taken  bj 
an  analjrsis  of  oonaciousness,  the  same  so-called  "  thing  **  is  never 
in  experience  twice  the  same.     Efery  time  that  it  exists  before  the 
mind,  as  a  presetUation  of  sense,  it  is  constituted  anew  bj  an  ao- 
tivity  of  the  mind.     Unless  various  localized  sensations  and  re- 
membered images  of  sensations  are ''synthesized"  under  the  laws 
which  govern  such  kinds  of  mental  phenomena,  there  can  be  no 
presentation  of  sense  ;  and  the  only  "  thing  *'  which  has  immedi- 
ate existence  for  us  is  the  presentation  of  sense.     Accordingly,  the 
variety  of  the  mental  phenomena,  when  we  begin  the  attempt  to 
classify  them,  appears  as  great  as  that  of  all  the  individual  acts 
imd  states  of  consciousness,  whether  those  acts  and  states  haTe 
reference  to  comparatively  unchanging  beings  outside  of  conscious- 
ness or  not 

Even  a  description  of  the  different  kinds  of  mental  phenomena 
which  psychological  science  proposes  to  explain  would  be  impos- 
sible, if  tiie  foregoing  truth  were  not  merely  one  side  of  the  whole 
truth.  For  what  is  infinite  in  variety  and  always  changing  its  kind 
cannot  be  described.  There  could  then  be  no  science  of  the  maitol 
phenomena,  no  classification  of  the  states  of  consciousness,  or  ex- 
planation of  them  by  relating  them  to  each  other  and  to  the  phyacal 
basis  on  which  they  are  supposed  to  rest 

§  13.  Observation  of  the  phenomena  of  consciousness,  however, 
shows  us  that  they  are  plainly  classifiable,  and  that  the  authority  on 
which  this  classifying  reposes  id  immediate  and  indisputable.  For 
the  phenomena  of  consciousness  are  directly  recognized  in  con- 
sciousness as  like  or  unlike  with  varying  degrees  of  similarity  and 
dissimilarity.  They  are  assigned  by  everyone  possessed  of  a  de- 
veloped experience  to  this  or  that  class,  without  any  question  that 
the  act  of  classification  is  legitimate  and  correct  The  number  of 
distinguishable  colors,  or  kinds  of  visual  sensations,  is  indeed  in- 
definitely large  ;  and  so  is  the  number  of  sensations  of  musical 
tone.  The  power  to  make  all  the  necessary  discriminations  in  these 
sensations  varies  greatly  with  different  persona  It  is  perfectly 
proper  to  say  that  the  number  of  kinds  of  the  states  of  conscious- 
ness arising  through  the  senses  of  sight  and  sound  varies  greatly 
in  different  individuals.  There  are  many  more  colors  and  tones 
for  some  men  than  for  others.  The  qualities  belonging  to  the  sen- 
sations which  follow  excitation  of  the  skin  are  also  diverse  ;  and, 
in  the  case  of  sensations  of  smell,  the  means  of  classification  for 
each  individual  are  limited  chiefiy  by  the  number  of  the  different 
smellable  things  with  which  he  has  happened  to  come  in  contact 


DIFFERENCES  IN  PHENOMENA.  601 

It  miist  also  be  confessed  that  the  popular  classifications  of  the 
states  of  consciousness,  as  based  on  conscious  experience  itself,  is 
not  infrequently  orroneou&  So  far  as  the  sensations  are  concerned, 
this  is  partly  due  to  the  fact  that  they  are  ordinarily  referred  to  some 
thing  or  to  some  part  of  the  body,  which  is  only  approximately  cor- 
rect, and  yet  correct  enough  for  practical  purposes.  The  taste  of 
the  onion  is  no  less  clearly  distinguished  from  other  states  of  sensa- 
tion arising  through  the  mouth  because  the  subject  of  the  taste  does 
not  know  that  his  sensations  are  in  fact  largely  sensations  of  smelL 
Because  one  believes  that  one  tastes  the  pepper  instead  oi  feels  it 
with  the  tongue,  one  has  lost  none  of  one's  power  to  make  clear  dis- 
criminations in  the  domain  of  consciousness.  Nor  is  this  power 
taken  from  the  color-blind,  although  the  length  of  their  color-spec- 
trum is  shortened  so  that  they  have  a  less  extended  domain  of  sen- 
sations of  this  order  within  which  to  discriminate. 

It  appears,  then,  that  likenesses  and  unlikenesses  in  the  phe- 
nomena of  consciousness,  and  an  immediate  "awareness" — so  to 
speak — of  these  likenesses  and  unlikenesses,  or  direct  discrimina- 
tion by  consciousness  of  the  quality  of  the  states  of  consciousness,  as 
such,  are  inyolved  in  that  classification  of  the  mental  phenomena 
which  all  men  make.  If  the  classification  becomes  more  refined 
and  elaborate,  it  at  no  time  ceases  to  repose  on  the  same  founda- 
tion. All  classifications  of  mental  phenomena  which  have  any  other 
foundation,  or  which  introduce  any  other  consideration  than  the 
simple  one  of  how  I,  the  conscious  subject,  am  affected,  are  not 
really  classifications  of  mental  phenomena  as  such.  Such  alleged 
classifications  may  indeed  tell  us  much  that  scientific  inquiry  de- 
sires to  know  about  the  origin  or  correlations  of  the  mental  phe- 
nomena. They  may  assume  to  say  what  special  part  of  the  external 
organ  of  sense,  or  what  special  area  of  the  brain,  is  more  direct- 
ly concerned  in  producing  the  physical  state  which  precedes  or 
causes  the  mental  phenomena.  They  may  demonstrate  what  kind 
of  physical  stimuli  result,  respectively,  in  exciting  such  and  such 
states  of  consciousness.  But  they  tell  nothing  whatever  as  to  what 
the  phenomena  really  are^  whether  like  or  unhke,  or  as  to  how  they 
may  be  ranged  and  rated  together.  They  are  classifications  of  the 
causes,  or  occasions,  or  physical  excitements  of  the  mental  phe- 
nomena ;  they  are  not  classifications  of  mental  phenomena,  as  such. 

§  14.  Moreover,  the  principles  which  regulate  the  formation  of 
classes  among  the  conscious  states  of  the  mind  are  very  different 
from  those  which  regulate  the  proposal  to  classify  the  elements  of 
the  physical  basis  of  these  states,  or  the  molecular  activities  of 
these  elementa    To  be  sure,  the  Young-Helmholtz  theory  of  vis- 
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ual  sensations  proposes  to  distlngaish  red,  green,  and  yellow  as 
the  three  kinds  of  retinal  elements ;  and  the  opto-chemical  theory 
of  vision  speculates  as  to  the  clnsBes  of  pigments  connected  wi^ 
the  seeing  of  various  colora     It  has  been  held  by  some  physiolo- 
gists that  the  two  main  parts  of  the  inner  ear  (vestibule  and  coch- 
lea) correspond  to  the  two  principal  classes  of  sensations  of  sound 
(to  noises  and  musical  tones) ;  or  even  thai  the  vibration  of  an  in- 
dividual nervous  element  in  the  organ  of  Corti  represents,  in  some 
sort,  each  definite  one  among  the  mimy  states  of  eonsciooaness  that 
constitute  our  hearing  of  a  melody.     Sensations  of  feeling  may  he 
classified  as  of  peripheral  or  central  origin,  in  reference  to  the 
place  from  which  the  nervous  impulses  occasioning  them  are  sup- 
posed to  take  their  rise.     But  one  need  not  be  deceived  by  all  this. 
The  "  red  '*  retinal  elements  are  not  themselves  red  ;  and  if  thej 
did  appear  of  this  color  to  external  observation,  it  would  not  in  the 
least  degree  help  us  the  better  to  understand  what  is  the  quality 
of  that  state  of  consciousness  which  we  call  the  sensation  of  red. 
The  different  nervous  elements  of  the  organ  of  Corti  may  be  capa- 
ble of  being  arranged  in  a  scale  ;  if  so,  they  are  classified  as  longer 
or  shorter,  and  as  arranged  in  space  one  above  the  other.     But  this 
classification  is  in  no  real  respect  like  that  which  we  make  when  we 
arrange  the  states  of  consciousness  called  musical  tones  in  a  sctle 
of  their  pitch. 

In  general,  the  physical  elements  of  the  nervous  system  are  di- 
visible into  classes  according  to  their  chemical  constitution — as, 
for  example,  the  phosphorized  and  the  non-phosphorized  proximate 
principles  of  the  brain  ;  or,  according  to  their  structural  form,  into 
nerve-fibres  and  nerve-cells  of  a  great  variety  of  shapes,  sizes,  etc  ; 
or,  according  to  their  physiological  function,  into  afferent  and  effer- 
ent, reflex  or  iuLibitoiy  or  automatic  But  no  such  principles  of 
dirision  can  be  carried  over  to  the  mental  phenomena.  They  have 
absolutely  no  applicability  to  these  phenomena,  as  such.  We  cannot 
introduce  distinctions  of  chemical  constitution,  structural  form,  and 
physiological  function  into  sensations  and  ideas,  into  feelings  and 
thoughts  nud  acts  of  will.  A  phosphorized  thought,  or  a  stellate 
feeling,  or  an  afferent  thought,  are  phrases  that  have  no  meaning. 

Nor  should  we  be  any  better  able  to  apply  the  principles  by  which 
we  classify  the  different  factors  of  the  physical  basis  of  conscious- 
ness to  the  phenomena  of  consciousness  itself,  in  case  we  had  a 
much  more  minute  acquaintance  with  those  factora  Let  it  be  sup- 
posed that  psycho-physical  science  should  so  far  advance  as  to  he 
able  to  tell  precisely  what  kinds  of  molecular  activities  of  what 
nervous  elements  are  correlated  with  all  the  various  classes  of 
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mental  phenomena.  The  latter  would  still  remain  precisely  such 
as  they  are  in  kind ;  they  would  still  have  to  be  classified,  if  at  all, 
on  the  ground  of  their  likenesses  and  unlikenesses  as  directly 
known  in  consciousness.  If  it  should  be  discovered  that  the  mo- 
lecular agitation  of  a  particular  group  of  fibres  and  cells  in  the  or* 
gan  of  Corti  is  necessary  in  order  to  produce  the  sensation  of  the 
musical  note  a\  and  that  this  agitation  resembles  that  which  some- 
what similar  fibres  and  cells  in  the  retina  undergo  preceding  the 
sensation  of  a  particular  shade  of  green,  the  two  sensations  would 
then  be  no  easier  to  classify  together  than  they  are  now.  Both 
stand  near  the  middle  of  their  respective  scalea  In  that  respect 
it  might  be  said  that  the  sensation  of  the  musical  tone  a'  is  like  the 
sensation  of  green.  This  point  of  likeness  is  really,  however,  one 
that  appertains  solely  to  a  physical  quality  or  function  in  certain 
bits  of  nervous  matter  more  or  less  directly  connected  with  the 
physical  antecedents  of  the  sensations  ;  it  cannot  be  conceived  of 
as  appertaining  to  the  sensations  themselvea 

§  15.  Considerations  derived  from  the  theory  of  the  quantity  of 
stimuli  and  their  resulting  intensities  in  the  states  of  conscious- 
ness might  be  urged  in  the  same  direction.  The  variations  in  the 
amount  of  the  molecular  processes  within  the  nervous  system  are 
all  measurable  and  classifiable,  if  at  all,  on  principles  with  which 
physics  is  familiar.  The  excitation  in  the  nervous  system  always 
consists  simply  of  so  many  molecules,  having  such  a  chemical  con- 
stitution, moving  so  much  in  such  a  direction  with  relation  to  each 
other.  But  the  most  nearly  related  mental  phenomena  are  feelings, 
and  judgments  comparing  feelings,  such  as  can  be  expressed  only 
somewhat  as  follows  :  "  Now  that  shade  of  red  seems  to  me  a  little 
more  intense  ; "  or,  "  now  I  think  something  has  been  added  to  the 
sensation  of  pressure ; "  or,  "  I  should  call  this  note  the  major 
third  of  the  other."  In  general,  we  may  say  that,  quantitatively 
considered,  the  changes  in  the  nervous  mechanism  are  all  precisely 
alike  as  to  kind — that  is,  are  all  that  mode  of  motion  called  "  nerve- 
commotion  " — and  admit  of  being  measured  off  by  a  common  phys- 
ical standard  or  unit  of  measure.  But  the  mental  phenomena  are 
classifiable  only  as  a  succession  of  states,  that  are  continually  chang- 
ing their  quality  and  have  no  quantitative  measure  which  we  can 
separate  from  these  changes  of  quality.  Nerve-commotions  can  be 
conceived  of  as  added  and  subtracted,  switched  to  the  right  or  to 
the  left,  concentrated,  distributed,  dissipated.  But,  strictly  speak- 
ing, the  resulting  mental  phenomena  admit  of  no  treatment  of  this 
sort.  Every  sensation  exists,  if  at  all,  as  an  indivisible  qualitative 
state  of  consciousness  ;  it  cannot  even,  as  such  states  be  retained  to 
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be  compared  with  some  other  sacoeeding  state,  in  order  to  decuk 
whether  it  is  more  or  is  less  in  respect  to  quantity.  Without 
memory  and  comparison,  which  are  complex  activities  of  mind  dif- 
ferent from  the  mere  having  of  sensation,  we  could  not  affirm  of 
any  mental  state  that  it  is  more  or  less  than  another. 

Still  further,  other  forms  of  mental  activity  which  have  an  un- 
doubted reality  do  not  admit  of  even  the  loose  application  to  them 
of  terms  of  quantity  which  is  proper  when  speaking  of  sensationB 
and  feelings.  A  ''  weighty  "  judgment  and  a  ''  high  "  ideal  are  not 
to  be  measured  by  standards  that  admit  of  correlation  with  the  in- 
creasing or  diminishing  swing  of  nervous  molecules.  Yet  if  thoee 
classes  of  the  phenomena  of  consciousness  which  these  words  imply 
have,  as  such,  any  physical  basis  whatever,  this  basis  must  consist 
in  some  form  of  nerve-commotion  as  to  the  quantity  of  which  an 
exact  measurement  is  conceivable.  If,  however,  a  wide  swing  of 
the  molecules  were  found  to  go  with  a  good,  sound,  clear  judg- 
ment, and  a  contracted  swing  to  be  the  physical  cause  of  narrow- 
ness of  mental  apprehension,  such  a  fact  would  not  help  us  in  snj 
regard  the  better  to  revise  the  Aristotelian  classification  of  the  syl- 
logism. Reasoning,  as  a  mental  activity,  would  be  deductive  or 
inductive,  analytic  or  synthetic,  as  before,  after  making  the  disooT- 
ery  that  the  one  process  is  connected  with  a  continual  diminutioD 
of  the  cortical  areas  over  which  the  nerve-commotions  spread  them- 
selveB,  and  the  other  with  a  noble  diffusion  of  such  commotions 
over  an  ever-widening  expanse  of  the  brain. 

^  IG.  It  is  an  undoubted  fact,  however,  that  mental  phenomena 
admit  of  a  fairly  satisfactory  arrangement  into  classes.  The  ar- 
rangement can  be  made  only  upon  the  basis  of  their  likenesses  and 
unlikenesses  as  known  in  consciousness  and  by  consciousness.  No 
other  arrangement  of  these  phenomena,  as  such,  is  possible — none 
that  is  not  founded  upon  the  same  ultimate  facts  thus  distinguished. 
All  attempts  at  an  airangement  of  them  by  other  principles,  and 
from  other  points  of  view,  result  in  the  classification  of  something 
else  (such  as  the  physical  antecedents,  causes,  or  concomitants) 
than  the  phenomena  themselve&  It  is  not  strange,  then,  that  the 
"old  psychology"  won  its  principal  triumphs,  by  the  method  of 
introspection,  within  the  field  of  classification.  The  crude  begin- 
nings of  a  physiological  psychology  in  the  phrenology  of  Gall  and 
Spurzheim  were  obliged  at  that  time  to  accept  from  introspective 
psychology  its  division  of  the  mind's  activities  into  so-called  "  he- 
ulties."  In  its  more  scientific  and  experimental  form  at  the  pres- 
ent time  physiological  psychology  is  just  as  dependent  as  ever 
upon  introspective  psychology  for  a  classification  of  the  mental 
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phenomena  The  introspectiye  science  of  mind  has  already  arrived 
at  very  general  agreement  upon  this  point. 

It  is  yerj  generally  agreed  that  all  the  mental  phenomena  are 
classifiable  under  three  great  heads — into  phenomena  of  knowing, 
phenomena  of  feeling,  and  phenomena  called  acts  of  will.  The 
distinction  of  the  two  latter  classes  of  phenomena  is,  indeed,  a  mat- 
ter established  in  comparatively  recent  times.  A  certain  number 
of  investigators,  who  use  the  method  of  introspection,  still  venture 
to  affirm  that  acts  of  feeling  in  the  form  of  desire  are  not  to  be  dis- 
tinguished as  differing  in  kind  from  acts  of  wilL  In  their  view, 
so-called  acts  of  will  are  resolvable  into  phenomena  of  feeling. 
Bat  the  opinion  of  the  great  majority  of  students  of  psychology 
is  decidedly  in  favor  of  adhering  to  the  threefold  division  of  tlie 
mental  faculties  There  is  also  a  large  amount  of  agreement  as  to 
the  sub-classes  that  fall  under  these  three — ^at  any  rate,  with  the 
exception  of  the  varied  efforts  made  to  deal  with  the  very  complex 
phenomena  of  feeling  in  its  many  forms.  The  more  recent  at- 
tempts (made  especially  by  certain  English  writers  on  psychology) 
to  depart  from  the  accepted  classifications  of  the  ''  old  psychology" 
have  attained  little  or  no  valuable  result  These  attempts  have  in- 
troduced into  psychology  a  great  number  of  uncouth  terms,  derived 
largely  from  false  analogies  of  physical  science,  which  tend  to  rep- 
resent the  case  as  though  sensations  could  be  weighed  or  measured 
or  compoimded  like  the  nervous  shocks  which  cause  them,  and  as 
though  ideas  could  become  ''agglutinated"  or  "agglomerated" 
like  globules  of  mercury  or  minute  particles  of  water.  Such  at- 
tempts, however,  have  thrown  no  light  on  the  nature  of  the  mental 
phenomena,  or  on  the  question  of  their  correct  classification  ;  they 
have  not  really  succeeded  in  supplanting  or  discrediting  the  classi- 
fications of  the  ''  old  psychology."  Nor  is  it  at  all  likely  that  the 
principal  classes  into  which  all  mental  phenomena  are  now  thrown 
will  ever  be  changed.  The  "  faculties  "  of  the  mind — however  the 
term  is  to  be  understood — will  remain  the  same.  At  all  events,  if  a 
change  should  be  made  in  these  divisions,  such  change  could  only 
be  accomplished  by  the  method  of  introspection. 

§  17.  The  question  may  now  be  raised  :  How  are  we  to  account 
for  &ct8  like  the  foregoing?  In  attempting  an  answer  to  this 
question,  the  great  significance  of  the  facts  themselves  should  be 
recalled.  It  has  been  shown  that  mental  phenomena  cannot  be 
conceived  of  as  identical  with  the  molecular  motions  of  the  nervous 
mass ;  and  that  the  fundamental  relations  between  the  two  cannot 
be  expressed  by  the  statement,  the  phenomena  of  consciousne^  are 
the  product  of  the  brain — in  any  meaning  of  the  word  *'  product  ** 
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which  can  be  clearly  defined.  Nor  can  the  theory  be  accepted  that 
every  mental  state  and  process  has  its  exact  eqoivalent,  witli  respect 
to  all  its  factors,  in  some  antecedent  or  concomitant  state  or  pro- 
cess of  cerebral  nerve-fibres  and  nerve-cells^  and  that  therefore  all 
mental  phenomena  are  to  be  directly  and  exdosively  referred  to 
these  physical  structures  as  their  sole  subject  or  ground.  More- 
over, it  has  been  found  necessary  to  admit  that  mental  phenomena» 
as  such,  can  be  classified  only  by  introspection  ;  and  that  the  prin- 
ciples on  which  the  classification  must  be  based  differ  from  those 
applicable  to  the  nervous  substance,  while  the  actual  classes  discov- 
ered by  the  only  available  method  do  not  correspond  to  any  of 
those  with  which  physics  and  physiology  make  us  familiar.  And 
yet  there  is  no  in8Ui)erable  difficulty  in  classifying  the  phenomena 
of  mind.  Introspective  psychology  furnishes  us  with  a  classifics- 
tion,  on  the  whole,  tolerably  satisfactory 

What,  then,  is  the  fair  inference  from  all  these  facts  with  respect 
to  a  decision  between  the  two  theories  of  mind  which  were  previ- 
ously proposed  ?  (See  §  3. )  Plainly,  such  inference  favors  looking 
toward  some  other  subject  or  ground  of  the  mental  phenomena 
than  the  nervous  substance  of  the  brain.  Its  result  commends  sub- 
stantially the  same  view  as  that  held  by  the  great  majority  of  man- 
kind. We  sliall  state  and  explain  this  view,  however,  in  different 
terms  from  those  employed  by  this  majority. 

The  jihenomemi  nf  human  consciousness  miuU  be  regarded  as  actici" 
ties  of  some  other  form  of  Real  Being  than  the  moving  molecules  of 
the  brain.  They  recjuire  a  subject  or  ground  which  is  in  nature 
imlike  the  })hosphorized  fats  of  the  central  masses,  the  aggregated 
nerve-tibros  and  nerve-cells  of  the  cerebral  cortex.  This  real  be- 
ing, thus  manifested  immediately  to  itself  in  the  phenomena  of 
consciouHness,  and  indirectly  to  others  through  the  bodily  changes, 
is  the  Mind.  To  it  the  mental  phenomena  are  to  be  attributed  as 
sho^ving  what  it  is  -by  what  it  does.  The  so-called  mental  ''fac- 
ulties ''  arc  only  the  modes  of  the  beharior  in  consciousness  of  this 
real  bein^.  We  actually  find,  by  the  only  method  available,  that 
this  real  being  called  Mind  behaves  in  certain  perpetually  recur- 
ring modcH ;  therefore,  we  attribute  to  it  certain  faculties.  The 
mental  faoultieH,  then,  are  not  entities  that  have  an  existence  of 
themselves ;  nor  are  the  individual  behavings  of  the  mind  (the 
so-called  "  ideas  ")  existences  that  can  become  "  agglutinated " 
or  "  associated  "  or  "  compounded  "  in  any  way.  They  are  not 
divisions  of  the  mind ;  nor  are  they  powers  of  the  mind,  if  by 
this  word  be  meant  some  permanent  recognizable  reality,  stored 
up  in  a  spiritual  subject,  or  attached  to  it  or  inherent  in^  it,  after 
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the  analogy  of  the  relation  of  phyaical  forces  to  their  subjects,  the 
atoms.  The  faculties  of  the  mind  are  the  modes  of  the  behavior, 
in  consciousness,  of  the  mind.  And  the  very  nature  of  the  classi- 
fying acts  which  lead  to  their  being  distinguished  is  explicable 
only  upon  the  assumption  that  a  real  being  called  mind  exists,  and 
is  to  be  distinguished  fi'om  the  real  beings  known  as  the  physical 
molecules  of  the  brain's  nervous  mass. 

That  the  subject  of  the  states  of  consciousness  is  a  real  being, 
standing  in  certain  relations  to  the  material  beings  which  com- 
pose the  substance  of  the  brain,  is  a  conclusion  warranted  by  all 
the  facts.  That  the  modes  of  its  activity  in  consciousness  are  cor- 
related imder  law  with  the  activities  of  the  brain-substance  is  a 
statement  which  Physiological  Psychology  confirms ;  one  upon 
which,  indeed,  it  is  largely  based.  It  will  be  our  task,  in  a  subse- 
quent chapter,  to  consider  under  what  general  terms  such  correla- 
tion may  best  be  expressed.  All  physical  science,  however,  is  ba^d 
upon  the  assumption  that  real  beings  may  have  an  existence  such 
as  is  sometimes  called  "  independent,"  and  yet  be  constantly  re- 
lated to  each  other  under  known  or  discoverable  laws.  If  this  as- 
sumption could  not  be  made  and  verified,  all  the  modem  atomic 
theoiy  would  stand  for  nothing  but  a  vain  show  of  abstractions. 
Upon  what  grounds  of  reason  or  courtesy — we  may  inquire  at  this 
point — does  Materialism  decline  to  admit  the  validity  of  similar  as- 
sumptions as  demanded  by  mental  phenomena  ? 

§  18.  The  foregoing  view  of  the  mind  and  its  faculties  is  greatly 
confirmed  by  another  consideration.  Consciousness  has  a  certain 
remarkable  unity.  If  the  complexity  of  mental  phenomena  is  be- 
wilderingly  great,  the  unity  of  consciousness  is  striking  and  unique. 
Many  disputed  questions  may  be  raised  touching  the  essential  nat- 
ure of  this  unity,  the  means  we  have  for  recognition  of  it,  and  the 
inferences  which  may  legitimately  be  drawn  therefrom.  Some  of 
these  questions  will  be  merely  alluded  to  at  this  point,  and  their 
further  consideration  postponed  until  later  on. 

AU  developed  forms  of  consciousness  involve  an  attribution  of  the 
present  particular  state  of  consciousness  to  a  subject  of  the  state. 
It  18  for  this  reason,  as  has  already  been  remarked,  that  we  express 
each  state  of  our  consciousness  by  saying  :  ''/am  in  such  or  such 
a  condition  ; "  "/feel  thus  and  so  ;"  "/  see,  or  hear,  or  smell,  or 
taste,  or  think,  or  plan,"  eta  Such  language — and  all  language  de- 
signed to  describe  our  mental  phenomena  is  such — plainly  shows 
that  some  kind  of  distinction  is  made  by  everyone  between  the 
state  and  the  ''ego"  which  is  the  subject  of  the  state.  It  is  no 
adequate  explanation  of  this  fact  to  say  that  by  the  subject^  in  all 
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these  sentences  (the  "I"  to  which  the  states  are  attiibated),  we 
mean  to  denote  a  mere  concept  of  myself  formed  upon  the  basis 
of  past  experience.  Such  a  concept  may  indeed  be  formed,  lis 
completeness  and  correctness  famishes  an  excellent  test  of  the 
amount  of  development  attained  by  each  individual  in  self-knoid- 
edge.  Few  individuals,  however,  would  be  found  able  to  giire  a 
statement,  at  all  satisfactory  to  themselves  or  to  others,  of  just  whit 
characteristics  are  to  be  considered  peculiar  to  t?ieir  "self -hood." 
We  do  not,  then,  merely  designate  the  ''self"  when  we  thus  con- 
stantly refer  to  the  "  I "  which  is  the  subject  of  each  state.  Oar 
knowledge  that  the  state  is  our  state,  or  that  ice  are  in  this  definite 
individual  state,  is  perfectly  clear  and  immediately  conclusive  with 
reference  to  all  the  experience  we  have  or  can  remember. 

The  clearness  and  immediateness  of  the  reference  which  we  are 
continually  making  of  our  states  to  the  subject  of  them  all  is  in 
marked  contrast  with  the  obscurity  and  indirect  nature  of  the  con- 
cept we  are  able  to  form  as  to  what  manner  of  persons  we  are. 
Moreover,  all  the  ability  we  have  to  frame  a  concept  of  the  "  self ' 
is  dependent  upon  this  constant,  primary,  and  inexplicable  fact  of 
a  possible  reference  of  each  state  to  the  subject  of  the  state  (the 
**  I ").  To  explain  this  reference,  we  have  to  assume  that  it  lus 
already  been  made ;  we  have  to  assume  it  in  each  attempt  at  ex- 
planation. We  may  express  the  absurdity  of  the  effort  to  think  or 
imagine  ourselves  out  of  the  reach  of  this  form  of  all  consciousnesB 
by  asking  ourselves  such  questions  as  foUow :  How  can  there  be 
a  pain,  a  sensation,  a  thought,  an  act  of  will,  that  is  not  somebody's 
pain,  sensation,  thought,  or  act  of  will  ?  What  is  a  state  of  oon- 
sciousness  considered  as  separable,  or  actually  separated,  from  a 
subject  of  such  state  ?  That  is  to  say,  no  state  of  conadousnesB 
can  even  be  conceived  of  that  does  not  involve  this  same  reference 
There  may,  indeed,  be  great  doubt  whether  some  of  the  lower 
animals  ever  make  any  such  reference.  It  may  be  that  the  amoeba 
or  the  oyster  can  have  a  sensation  that  is  not,  quoad  sensation,  the 
conscious  state  of  the  amoeba  or  the  oyster.  As  to  this  we  cannot 
say.  But  we  can  say  that  if  such  a  so-called  sensation  is  possible 
for  any  animal,  it  is  impossible  for  us  to  imagine  it  We  cannot 
imagine  what  we  cannot  bring  under  the  unchanging  forms  of  our 
own  consciousnesa  ^  ' 

The  force  of  the  foregoing  remarks  is  not  destroyed  by  calling 
attention  to  the  fact  that  the  attribution  of  the  state  of  conscious- 
ness to  the  subject  of  the  state,  to  the  *'  I,"  is  by  no  means  con- 
tinually being  made.  It  is  plain  that  some  distinction  must  here 
be  drawn  between  being  voniscious  and  being  se^-cemsciotM.    The 
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crowd  intently  watching  a  tragedy  in  a  theatre,  or  a  conflagration, 
is  certainly  not  unconscious,  but  is  rather  in  an  exalted  state  of 
consciousness ;  on  the  contrary,  he  who  is  intently  watching  the 
spectacle  is  not  at  all,  or  is  only  in  a  slight  degree,  8(i(/'-con8cious. 
There  are  considerable  periods  of  every  day  when,  so  far  as  we  can 
remember,  we  have  been  "conscious"  (not  being  in  profound  slum- 
ber or  having  fainted  away),  but  with  little  or  no  reference  in' con- 
sciousness of  its  activities  to  the  subject  of  them  all.  Nevertheless 
there  can  be  no  doubt  that  we  are  capable  of  this  reference  ;  that 
it  is  found  to  be  involved  in  every  mental  state  just  so  soon  as  we 
seek  to  detennine  the  factors  of  such  state  ;  and  that  to  recognize 
ifts  being  there  is  essential  to  any  explanation  of  the  nature  of 
mind. 

§  19.  All  the  different  mental  phenomena  of  an  individual  must 
be  regarded  as  states  of  one  consciousness ;  they  are  all  said  to  occur 
in  the  unity  of  consciousnesa  There  can  be  no  doubt  that  every 
person  (with  the  exception,  at  most,  of  certain  rare  cases  of  so- 
called  double  consciousness)  attributes  all  the  forms  of  his  con- 
sciousness to  one  and  the  same  subject.  This  is  what  is  meant  by 
saying  that  he  regards  them  all  as  his  states.  We  cannot  conceive 
of  ourselves  as  dubitating  whether  some  particular  pain  or  pleasure, 
or  act  of  memory  or  of  imagination  or  of  will,  present  in  conscious- 
ness, is  to  be  ascribed  to  our  ego  or  not.  We  cannot  attribute  any 
such  state  to  some  other  than  our  own  ego.  It  is  true  that  in  cer- 
tain cases  of  disease  or  lesion  of  the  brain  an  abnormal  condition 
in  this  respect  seems  to  occur.  The  one  person  sometimes  seems 
to  pass  back  and  fotth  between  two  mental  lives,  which  are  so 
distinct  from  each  other  that  they  may  well  be  said  to  belong  to 
two  personalities.  But  reflection  upon  these  abnormal  cases  only 
makes  the  stronger  and  clearer  our  conviction  as  to  the  unity  of 
consciousness.  Living  two  seemingly  distinct  mental  lives  is  not 
possible,  without  its  being  assumed  that  each  one  of  the  two  is  lived 
in  the  unity  of  its  own  consciousness.  This  would  be  as  true  of 
twenty  distinct  lives,  if  they  followed  each  other  in  the  case  of  any 
individual  as  the  result  of  disease  of  the  brain,  as  it  is  of  two  such 
livea 

It  is  not  at  all  surprising  that  the  fact  of  the  primary  unity  of 
consciousness  should  be  inexplicable  ;  for  it  is  itself  the  fact  im- 
plied and  assumed  in  all  attempts  at  explanation  of  other  mental 
facts.  Were  this  the  line  of  thought  necessary  to  introduce  at  this 
point,  it  might  be  shown  that  all  the  unity  possessed  by  **  Things  " 
is  dependent  upon  the  unity  of  consciousness.  W^ithout  memory 
and  judgment  there  can  be  no  perception  of  Things,  But  the  bind- 
89 
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ing  force  of  memory  is  dependent  upon  thiB  onity.  We  cannot 
remember  that  which  has  not  in  aome  form  or  other  been  preTioosl j 
present  in  consciousness,  in  oar  own  consciousness,  in  one  and  the 
same  consciousness  as  that  in  which  the  remembered  image  is  now 
present  We  cannot  judge  except  by  uniting  two  terms  in  one  con- 
sciousnesa 

Of  course,  all  language  as  to  the  unity  of  consciousness,  when 
carefully  examined,  turus  out  to  be  figurative,  and  to  haTe  no  mean- 
ing except  as  interpreted  over  from  entities  and  relations  of  a 
material  sort  into  terms  of  consciousness.  By  the  "  nnity  of  cod- 
sdousness  "  it  cannot  be  meant  that  consciousness  is  some  kind  of 
an  entity  which  remains  one  and  unchangeable  throughout,  like 
those  atoms  which  physical  science  has  sup^x>sed  to  constitute  the 
whole  world  of  material  reality.  It  will  be  found,  howeTer,  that  do 
conception  can  be  formed  of  the  unity  which  is  supposed  to  beloDg 
to  the  atom  without  involTing  in  it  the  unity  of  consciousDess. 
We  can,  indeed,  picture  to  ourselves  a  very  little  bit  of  extended 
matter,  barely  visible  under  the  highest  powers  of  the  microscope, 
which  never  changes  its  shape  or  color,  etc.,  and  which  always  be- 
haves itself  in  exactly  the  same  way  under  precisely  wimilAr  circom- 
stancea  But  this  mental  picture  would  itself  have  any  unity  be- 
longing to  it  only  as  it  existed  in  the  unity  of  consciousness.  It  is 
this  unity  which  mokes  each  *'  Thing  "  to  be  one  thing  ;  it  is  this 
unity  which  imparts  to  all  else  that  is  one  whatever  unity  it  roaj 
have. 

When,  then,  we  speak  of  the  unity  of  consciousness  we  mean, 
first  of  all  and  chiefiy,  to  call  attention  to  the  following  primary 
fact  of  experience  :  All  states  of  consciousness  involve  a  reference 
of  the  state  to  an  *'I,"  as  the  subject  of  the  state  ;  and,  in  spite  of 
the  constant  change  of  states  which  goes  on,  so  that  in  reaHty  the 
same  state  never  recurs,  and  even  the  same  thing  is  never  twice, 
known,  all  the  states  are  understood  to  be  states  of  one  and  the 
same  subject.  This  reference  and  this  understanding  enter  into 
all  our  experience  ;  they  give  conditions  to  experience  and  make  it 
possible.  Whatever  changes  experience  may  be  conceived  of  as 
undergoing,  they,  as  conditions  of  all  possible  experience,  must  be 
conceived  of  as  remaining.  To  ask  us  to  try  to  imagine  a  mental 
state  or  act  not  involving  this  reference  and  understanding,  with 
respect  to  the  unit-subject  of  consciousness,  is  to  ask  us  to  try  to 
be  conscious  and  unconscious  at  the  same  time.  The  "I"  may 
become  unconscious  ;  that  is,  the  phenomena  of  consciousness  in 
that  connected  development  which  characterizes  the  individual  may 
cease  to  exist.    But  phenomena  of  consciousness  cannot  be  con* 
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ceived  of  as  occurring  without  being  referable  to  some  one  subject 
as  its  modes  or  states 

§  20.  Metaphysics,  presuming  upon  its  intimate  relations  to  the 
*'  old  psychology,"  has  doubtless  often  made  an  unwarrantable  use 
of  the  &cts  above  mentioned.  It  has  often  declared  that  we  hare 
an  immediate  and  indubitable  knowledge  of  the  mind  as  one  and 
the  same  real  being  in  all  acts  of  consciousness.  The  facts  have 
been  interpreted  as  though  the  case  stood  as  follows  :  I  have  the 
power  to  look  within  myself,  and  by  thus  looking  I  can  discern 
what  I  really  am.  I  immediately  know  (that  is,  know  by  the  intro- 
spective act  of  self-consciousness)  that  "  /"  am  always,  however  my 
states  may  change,  one  and  the  same  real  being.  I  am  a  real,  self- 
identical  entity ;  and  if  asked  how  I  know  that  I  am  all  this,  my 
appeal  is  to  the  indubitable  evidence  of  the  act  of  self-conscious- 


The  foregoing  metaphysical  statement  of  the  case  is  by  no  means 
obviously  correct ;  we  believe  it,  on  the  contrary,  to  be  exaggerated 
and  incorrect  In  thus  overstating  the  case,  there  is  liability  that 
the  case  itself  will  be  lost.  Conscioiianesa  carries  with  it  no  immediate 
knowledge  of  any  real  and  self-identical  being — not  even  of  that  real 
being  which  we  call  Mind  and,  with  good  reason,  assume  to  exist 
as  the  ground  or  permanent  subject  of  mental  phenomena.  Meta- 
physics is  the  science  which  treats  of  those  assumptions  that  under- 
lie all  of  our  experience  with  what  we  call  "  reality."  But  it  treats 
of  assumptions  or  beliefs  such  as  we  find  do  actually  and  inevita- 
bly enter  into  all  our  experience.  The  real  existence  of  "  Things," 
whether  of  the  masses  of  matter  we  daily  test  by  the  senses,  or  of 
those  hypothetical  beings  called  atoms  which  physical  science  re- 
quires in  order  to  account  for  the  phenomena,  depends  upon  such 
assumptions.  If  it  be  admitted  that  we  cannot  be  immediately 
conscious  of  ourselves  as  real  unit^beings,  we  are  no  worse  off  than 
we  are  with  respect  to  our  belief  in  the  existence  of  any  of  the  so- 
called  real  beings  of  which  all  men  suppose  the  world  to  be  com- 
posed. 

It  can  also  be  shown  that  the  case  of  the  mind  or  soul,  with  re- 
spect to  its  unity  as  a  real  being,  is  made  no  better  by  admitting 
that  an  immediate  consciousness  of  ourselves  as  such  unit^beings  is 
possible.  For  let  it  be  supposed  that  by  concentratipg  all  my  at- 
tention upon  the  present  state  of  consciousness  I  most  clearly  and 
indisputably  discern  myself  as  one  real  being,  forming  the  ground 
of  that  state.  Let  it  be  supposed  that  every  half-hour  in  the  day  I 
repeat  this  mental  act.  It  would  still  have  to  be  assumed,  as  some- 
what altogether  out  of  consciousness,  that  the  real  being  discerned 
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in  any  one  of  these  acts  of  introspection  is  one  and  the  same  red 
being  as  that  discerned  in  all  the  rest  A  real  anii-being  that 
should  last  only  while  the  difficult  act  of  concentrated  introqwo- 
tion  was  taking  place  would  be  of  no  mdue  to  senre  as  a  sell-con- 
scious mind.  In  fact,  such  a  unit-subject  of  the  indi^dual  state 
would  have  no  claim  to  be  considered  as  a  real  being  at  all 

§  21.  The  grounds  on  which  depends  the  assumption,  that  the 
subject  to  which  all  the  phenomena  of  consciousness  are  actuallj 
referable  is  one  real  being,  will  be  considered  more  in  detail  at 
another  point  For  the  present  we  merely  adopt  the  assumptioo, 
provisionally,  as  much  mora  probable  than  any  which  accounts  for 
our  conscious  reference  to  snch  subjedk  bj  ennmerating  certain 
possible  relations  into  which  the  masses  and  moleenlea  of  tiia  hnan 
may  be  thrown  as  conditioDS  of  the  empirical  unity  of  conaeioos- 
ness.  That  there  is  such  empirical  unity  of  consciousness  there 
can  be  no  dispute.  Dispute  itself  would  assume  it  It  scaroelj 
admits  of  more  doubt  that  all  physical  theories  to  account  for  this 
unity  are  whoUy  unsatisfactory.  We  know,  indeed,  certain  of  the 
physical  conditions  and  concomitants  of  consciousnesa  If  orrgen- 
ated  blood  is  shut  off  from  the  cerebral  substance,  consciousnesi 
disappears.  If  the  blood  has  floating  in  it  certain  drugs,  or  prod- 
ucts of  the  combustion  of  tissue,  consciousness  is  disturbed.  If 
certain  cerebral  areas  are  injured  or  eradicated,  the  psycho-physi- 
cal basis  of  certain  forms  of  consciousness  is  altered.  Still,  all 
this  does  not  seem  to  bring  us  a  step  nearer  a  satisfactory  physical 
account  of  the  unity  of  consciousness.  The  molecules  of  the  bi-ain 
are  infinitely  numerous ;  they  are  made  up  into  structural  forms  of 
indefinite  number  and  variety  ;  the  kinds  of  the  relations  they  as- 
sume toward  each  other  are  indescribably  many.  Consciousness, 
so  far  OS  wo  kuow,  has  no  special  centre  or  seat  within  the  cere- 
brum ;  and  if  it  had,  the  constituents  and  activities  of  that  centre 
would  have  to  be  exceedingly  manifold  and  complex.  Now,  all 
this  is  precisely  the  opposite  of  what  we  should  expect  of  a  phys- 
ical structure  which  Hliould  be  called  upon  to  exhibit  the  phenom- 
ena of  many  conscious  states,  all  referable  to  one  subject  No  he]p 
toward  sohing  the  problem  is  derived  from  calling  attention  to 
the  fact  that  the  different  portions  and  elements  of  the  brain  are 
all  interconnected.  The  connecting  structures  only  add  still  fur- 
ther to  its  multiplicity  and  complexity  of  elementa  It  would  be 
easier  to  conceive  of  an  atom  as  becoming  conscious  than  the  cer- 
ebral cortex. 

^  22.   But  surely  tlie  assumption  that  one  real  being  is  the  sub- 
ject of  these  stateb,  which  ore  certainly  all  referable  in  conscious- 
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ness  to  one  and  the  same  subject,  is  not  an  impossible  one.  On 
the  contrary,  it  is  the  most  natural  assumption  ;  it  is  the  assump- 
tion instinctively  made  by  men  in  general  Notwithstanding  the 
difficulties  which  encompass  it  as  soon  as  we  attempt  to  define  it, 
or  to  test  the  ground  on  which  it  rests,  we  shall  find  that  it  is  de- 
fensible and  valid. 

We  conclude,  then,  from  the  previous  considerations  :  The  sub- 
jeci  of  all  the  stales  of  consciousness  is  a  real  unit-being,  called  Mind  ; 
which  is  of  non-material  nature,  and  acts  and  develops  according  to 
laws  of  its  ovm,  but  is  specially  correlated  with  certain  material  mole' 
cults  and  masses  forming  the  substance  of  the  Brain. 


CHAPTER  IL 

THE   DEVELOPMENT    OF   THE   MIND. 

§  1.  A  Dumncnva  feature  of  modem  sdenoe  is  its  endeavor  to 
satisfy  inquiry  into  the  nature  of  the  objects  of  its  investigation  bj 
a  detailed  description  of  their  development.  In  answer  to  the  in- 
quiry what  a  thing  is^  we  are  invited  to  listen  to  an  account  of  how 
it  became  what  it  ia  Indeed,  the  universal  process  of  "  Becoming" 
has  been  almost  personified  and  deified  so  as  to  make  it  the  true 
ground  of  all  finite  and  concrete  existences.  There  can  be  no 
doubt  as  to  the  great  fruitfulness  and  value  of  this  historical  and 
genetic  way  of  studying  everything.  Any  complex  existence  is  cer- 
tainly far  better  understood  after  it  has  been  not  simply  analyzed 
into  its  present  component  parts,  but  has  also  been  traced  back  to 
its  most  nearly  primitive  and  undifferentiated  stages.  The  histoiy 
of  the  egg  explains  the  bird  even  more  than  the  nature  of  the  bird 
explains  the  egg. 

Both  of  the  two  subjects,  with  whose  correlations  Physiological 
Psychology  deals,  require  for  their  most  satisfactory  understanding 
to  be  studied  by  this  genetic  method.  The  structure  of  the  nervous 
system  appears  in  a  new  light  when  regarded  as  the  result  of  a  pro- 
cess of  evolution.  Beginning  with  the  unimpregnated  ovum,  by 
propagation  of  cells  of  living  protoplasm,  by  segmentation  of  larger 
sections  of  these  cells,  by  proliferation  of  cells  and  separation  into 
layers,  the  one  portion  of  the  germ  from  which  the  mechanism  of 
nerve-fibres  and  nerve-cells  is  to  unfold  itself  becomes  differentiated 
from  the  other  portiona  By  vital  processes  kept  up  through  nutri- 
tion and  resulting  in  the  growth  of  some  areas  beyond  others,  and 
by  mechanical  influences  at  work  to  crowd  forward  here  or  push 
back  there,  to  fold  and  tuck  and  cause  to  dip  or  curve,  etc.,  this 
epiblastic  portion  develops  the  system  of  end-organs,  central  or- 
gans, and  connecting  tracts  of  nerves. 

Psychology,  also,  has  felt  strongly  this  modem  impulse.  It  has 
been  forced  to  confess  that  its  real  task  is  but  begun  when  it  has. 
by  introspection,  examined  and  classified  the  phenomena  of  adult 
conscious  life.    All  the  mental  phenomena  undoubtedly  have  a 
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truly  vital  connection.  Those  of  the  present  have  their  roots  in 
those  of  the  past  The  so-called  faculties  of  the  mind  are  neither 
Lard  and  fixed  lines  drawn  to  exclude  from  internal  relation  the 
various  modes  of  its  behavior  in  consciousness,  nor  are  they  kinds 
of  activities  that  spring  up,  full-formed  at  once,  at  different  in- 
tervals in  its  entire  history.  Although  we  can  never  reproduce 
in  adult  self-consciousness  the  forms  of  the  earliest  stages,  we 
can  show  that  these  forms  differed  greatly  from  those  taken  in 
this  adult  self-consciousnesa  We  can  show  that  the  earlier  forms 
must  have  been  much  the  simpler.  For  example,  an  analysis  of 
the  presentations  of  sense  shows  that  the  "  things ''  of  developed 
experience  are  resolvable  into  certain  elements  of  sensation  which 
the  mind  has  learned  to  localize.  In  other  words,  perception  is  a 
result  of  development ;  for  "  things  "  are  not  ready-made  products 
existing,  as  they  appear,  outside  of  the  mind,  but  resultants  of 
mental  activities  that  have  to  be  performed  anew  so  often  as  the 
things  appear.  It  is  in  the  evolution  of  the  mind  that  we  find  our 
means  for  understanding  its  true  nature.  Moreover,  the  character- 
istics which  distinguish  one  mind  from  another  are  to  be  under- 
stood as  largely  resulting  from  the  order  and  relative  prominence 
of  different  activities  in  the  development  of  each. 

§  2.  So  far  as  the  connection  of  mental  phenomena  with  the  in- 
creasing complexity  of  the  nervous  activities,  and  with  the  stored 
energies  and  h&rdenmg  habit  us  of  the  nervous  elements,  affords  any 
explanation  of  the  development  of  tlie  mind,  we  have  already  said 
all  that  is  necessary.  The  growth  of  the  mind  in  the  acquirement 
and  arrangement  of  sensations,  in  the  recalling  of  ideas,  in  the 
forming  of  judgments  about  objects  of  sense,  etc.,  is  plainly  de- 
pendent upon  the  evolution  of  the  bodily  membera  But  the  nat^ 
ure  of  the  relation  which  exists  between  the  mental  phenomena 
and  the  nervous  mechanism,  so  far  as  this  can  be  learned  by  study- 
ing the  development  of  both,  furnishes  us  with  another  question. 
Upon  this  question,  also,  the  same  conflict  of  view  as  that  to  which 
we  have  already  drawn  attention  may  arise.  On  the  one  hand,  the 
attempt  is  made  to  refer  all  the  so-called  development  of  the  mind 
to  the  evolution  of  the  substance  of  the  brain,  under  purely  physi- 
cal and  mechanical  causes.  This  attempt,  then,  denies  that  any 
real  unit-being  called  the  Mind  needs  to  be  assumed  as  undergoing 
a  process  of  development  according  to  laws  of  its  own.  It  cannot 
be  disputed  thai  viany  facts  of  experience  tend  to  strengthen  such 
an  attempt 

There  is  a  general  correspondence,  with  respect  to  the  complex- 
ity (md  quality  of  the  work  done,  between  the  different  stages  in 
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the  development  of  both  body  and  mind.  Nervoiui  system  ao<l 
mental  condition  are  both  immature  in  infancy ;  both  develop  with 
great  rapidity  in  early  childhood,  and  then  more  slowly  on  into 
adult  life  ;  both — it  is  claimed — ^remain  comparatively  stationair 
through  the  period  of  man's  highest  maturity  ;  and  as  <^  age  ad- 
vances, both  keep  pace  in  their  decline.  Moreover,  cases  of  arrested 
development  of  brain  are  cases  of  arrested  development  of  mind. 
Idiots  are  frequently  microcephalic  ;  many  of  them  have  brains 
weighing  less  than  thirty  ounoea  Degeneracy  of  the  tissues  of  the 
cerebral  hemispheres  is  commonly  connected  with  increasing  de- 
generacy of  the  mind.  As  the  tides  of  molecular  nerve-commotion 
rise  and  fall  in  the  nervous  mass,  so  rise  and  fall  the  tides  of  men- 
tal vigor.  A  temporary  increase  of  cerebral  action,  caused  by  a 
glass  or  two  of  wine,  is  expressed  in  the  form  of  mental  phenomena 
by  a  heightening  of  imagination,  a  quickened  flow  of  ideas.  What 
need,  then — it  is  asked— of  assuming  any  permanent  subject  of 
what  we  regard  as  mental  development,  other  than  the  mechanism 
of  physical  molecules  with  its  evolution  under  the  control  of  physi- 
cal law? 

On  the  other  hand,  all  attempts  to  account  for  the  orderly  in- 
crease in  complexity  and  comprehensiveness  of  the  mental  phe- 
nomena by  tracing  the  physical  evolution  of  the  brain  are  whollv 
unsatisfactor}*  to  many  minds.  We  have  no  hesitation  in  classing 
ourselves  among  this  number.  Those  facts  of  experience  which 
show  a  correspondence  in  the  order  of  the  development  of  the  body 
and  the  mind,  and  even  a  certain  necessary  dependence  of  the  lat- 
ter upon  the  former,  are,  of  course,  to  be  admitted  ;  but  they  are 
equally  compatible  witli  another  view  of  the  mind's  development 
This  other  view  has  the  additional  advantage  that  it  makes  room 
for  many  other  facts  of  experience  which  are  very  difficult  of  rec- 
onciliation with  any  materialistic  theory.  On  the  whole,  the  his- 
tory of  each  individual's  experience  is  such  as  requires  the  assump- 
tion that  a  real  unit-being  (a  Mind)  is  undergoing  a  process  of  de- 
velopment, in  relation  to  the  changing  condition  or  evolution  of 
the  brain,  and  vet  in  accordance  with  a  nature  and  laws  of  its  own. 

^  3.  Tliat  the  development  of  a  real  non-material  being  is  im- 
plied in  the  history  of  the  mental  phenomena  of  each  person  mat 
be  arpfiied  on  two  principal  grounds.  In  the  first  place,  it  may  be 
shown  that  the  stages  and  laws  of  the  development  of  mind  do  not 
fully  cf>rresiK)nd  to  those  which  are  observed  on  tracing  the  evolu- 
tion of  the  nervous  system.  It  may  also  be  shown  that  certain  ele- 
ments necessarily  enter  into  the  development  of  mind,  which  have 
nothing  like  them,  or  strictly  correlated  with  them,  in  the  evob- 
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tioD  of  the  material  mechanisni.  One  real  being  may  be  dependent 
on  other  beings  for  its  starting,  as  it  were,  and  for  certain  factors 
that  enter  into  its  growth  or  furnish  the  indispensable  conditions 
of  its  growth*  It  may  thus  receive  the  form  and  direction  of  its 
development,  in  large  measure,  from  these  other  beings.  And  yet 
this  fact  gives  us  no  right  whatever  to  refuse  to  such  a  being  all 
title  to  take  rank  among  other  real  existences  with  a  complex  nat- 
ure of  its  own.  No  existence  loses  or  impairs  its  claim  to  reality 
by  being  dependent  for  its  development  on  other  existencea  The 
mind,  on  the  contrary,  most  indubitably  establishes  such  a  claim, 
because  the  stages  and  laws  of  its  unfolding,  and  some  of  the 
factors  which  necessarily  enter  into  this  unfolding,  are  peculiar  to 
itself  (siii  generis). 

§4  That  the  words,  "development  of  the  Mind,'' stand  for  a 
real  process,  there  can  be  no  reasonable  doubt  The  sum-total  of 
the  conscious  experience  of  each  individual  is  something  far  more 
than  a  mere  series  of  states  of  consciousness.  No  difference  in  de- 
grees imder  the  same  kind  can  be  conceived  of  which  is  greater 
than  the  difference  between  the  most  mature  and  highly  developed 
xnental  performances  and  those  inconceivably  simple  activities  with 
which  the  mental  life  begins.  So  far  as  the  cliaracter  of  the  phe- 
nomena of  consciousness  is  concerned,  the  mind  of  the  adult  New- 
ton or  Kant  is  much  farther  removed  from  the  mind  of  the  infant 
Newton  or  Kant  than  the  latter  is  from  the  mind  of  one  of  the 
lower  animals.  There  is  much  more  which  is  companionable  and 
mutually  intelligible  between  the  adult  man  and  his  dog  than  be- 
tween the  adult  man  and  his  newly  bom  child.  The  latter  is, 
however,  raised  at  once  above  the  most  intelligent  animal  when 
we  consider  the  possibilities  of  its  mental  development.  What  the 
human  being  is  cannot  be  at  all  adequately  described  without  con- 
sidering the  nature  and  limits  of  that  process  of  becoming  which 
belongs  to  it 

There  is  no  doubt,  also,  that  the  incomparable  improvement  of 
the  mental  processes  which  distinguishes  the  adult  from  the  infantile 
human  being  is  a  true  development.  Each  stage  of  this  improve- 
ment is  dependent  upon  preceding  stages.  The  changes  are  all  in 
some  sort  according  to  a  plan.  Thus  the  life  of  every  individual's 
mental  experience  is  capable  of  being  made  into  a  history.  A  cer- 
tain tolerably  uniform  order  in  the  relative  development  of  the  dif- 
ferent faculties  is  discernible.  At  first  the  senses  are  awakened  to 
a  lively  and  varied  activity  ;  then  memory  and  imagination  become 
more  prominent ;  and,  finally,  judgment  and  the  reasoning  powers 
assert  their  sway.     Gradually,  things  become  known  and  conduct 
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shaped  under  principles  which  are  assumed  to  have  a  nniTeratl 
Talidity  as  so-called  general  laws.  The  history  of  the  mental  life 
of  every  human  being,  from  the  cradle  (or  even  from  its  embryonic 
existence)  to  the  grave,  has  all  these  characteristics  of  unfolding 
itself  in  a  regular  order,  in  which  all  that  comes  at  all  comes  in 
due  sequence  and  acknowledged  dependence  upon  what  has  pre- 
ceded.    This  is  the  very  essence  of  a  true  development. 

§  5.  CSan  the  development  of  the  mind  be  explained  as  merely 
the  resultant  or  expression  of  the  physical  evolution  of  the  nervous 
system — this  system  being  regarded  as  situated  in  the  rest  of  the 
bodily  environment,  and  surrounded  by  the  more  extended  envi- 
ronment of  the  world  of  active  physical  energies  outside  ?  Against 
an  affirmative  answer  to  this  inquiry  stand  many  facts  and  laws  of 
all  such  mental  development  In  spite  of  what  must  be  said  con- 
cerning the  striking  correspondence  between  the  evolution  of  the 
bodily  organism  and  the  development  of  the  mental  powers,  it 
must  be  held  that  there  are  marked  divergences  as  welL  At  cer- 
tain epochs  of  life  the  evolution  of  the  brain  seems  to  stand  far  in 
advance  of  the  mind ;  at  others,  the  mind  appears  to  have  over- 
taken and  passed  by  the  stage  reached  by  its  physical  substratum. 
During  a  long  period  of  life  the  growth  of  mental  powers  is  con- 
stant and  solid,  while  the  growth  of  the  physical  basis  has  nearly 
ceased,  and  such  changes  as  are  taking  place  in  it  appear  quite 
inadequate  to  serve  as  correlates  for  the  mental  growth.  More- 
over, the  most  distinctly  t^'pical  features  in  the  development  of  the 
mind  remain  the  same  when  malformation  or  disease  or  accident 
have  largely  changed  the  physical  evolution  of  the  brain. 

§  G.  We  have  no  sufficient  means  for  deciding  how  far  the  mental 
life  of  the  human  embryo  keeps  pace  with  its  organic  evolution. 
We  do  not  even  know  beyond  doubt  that  the  embryo  has  a  mental 
life,  in  the  only  tenable  meaning  of  the  words — that  is,  a  life  of 
couscious  states.  But  it  is  probable  that  its  antenatal  movements 
are  not  all  purely  reflex,  and  neither  accompanied  nor  directed  bj 
conscious  sensation,  feeling,  and  volition.  The  mental  life  of  the 
embryo,  if  it  exist  at  all,  can  hardly  be  more  than  an  irregular  and 
fitful  succession  of  the  lowest  and  least  complex  mental  phenomena. 
Taste,  smell,  hearing,  and  sight  are,  of  course,  not  to  be  thought 
of  as  entering  into  such  a  mental  life.  Touch,  as  we  understand 
the  word  to  express  the  localized  sensations  of  pressure  which  arise 
through  the  practised  organ  of  the  skin,  is  scarcely  more  likely  to 
belong  to  the  human  embryo.  Obscure  feelings  arising  from 
changes  in  its  relation  to  the  surrounding  tissues  and  fluids  of  the 
mother,  or  from  disturbances  in  its  own  internal  organs,  and  result- 
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ing  equally  obscure  feelings  of  inmmAion,  as  its  limbs  are  moved, 
must  constitute  the  great  part  of  its  exprnnonces.  As  yet  there  is 
no  experience,  properly  so  called  ;  no  perception  of  things,  no  feel- 
ing of  self,  no  discrimination  of  ego  and  state.  Yet  long  before 
the  child  is  bom  it  possesses  a  wonderfully  elaborate  nervous 
meehanism,  far  surpassing  in  its  grade  of  evolution  the  nervous 
system  of  the  most  intelligent  adult  animals.  Previous  to  birth 
this  nervous  mechanism  must  also  be  constantly  in  action  in  a 
highly  complicated  way ;  it  is  engaged  in  supervising  the  processes 
of  nutrition,  and  in  the  reflex  and  automatic  activities  which  are 
expressed  by  the  changes  of  the  child's  position  within  the  womb 
of  the  mother.  The  mind,  however,  is  as  yet  unawakened  ;  this  is 
not  because  the  nervous  mechanism  is  not  complex  and  active 
enough  to  serve  as  the  physical  basis  of  a  rich  mental  development, 
but  because  the  kinds  of  sensation — visual,  tactual,  auditory,  etc — 
which  start  and  furnish  and  direct  this  development  have  not  yet 
been  supplied.  The  mental  life  cannot  then  be  said  to  have  kept 
pace  before  birth  with  the  evolution  of  the  brain,  or  with  its  dis- 
tinctive activities.  On  the  contrary,  it  is  far  behind  the  stage  al- 
ready reached  by  its  physical  support.  It  waits  to  he  aroused  and 
set  to  its  own  work  of  combining  and  interpreting  those  sensations 
which  are  to  serve  as  its  chief  means  of  early  culture. 

For  the  first  few  weeks  of  infancy  the  same  relation  between  the 
relative  development  of  the  body  and  soul  of  the  child  is  maintained. 
Both  are  subjects  of  a  rapid  growth,  but  the  former  is  still  much  in 
advance  of  the  latter.  The  newly  bom  infant  is,  in  respect  to  the 
condition  of  its  nervous  system,  much  the  most  highly  organized 
and  fully  equipped  of  all  young  animals ;  but  as  judged  by  the 
number  and  quality  of  its  volitions  and  perceptions,  many  other 
young  animals  are  less  stupid  and  insensate.  If  we  may  represent 
its  mental  condition  by  anything  conceivable  through  the  adult 
imagination,  the  human  infant  is  in  a  dreamless  sleep  occasionally 
interrupted  by  instants  of  unlocalized  and  unmeaning  sensations. 

The  cavity  of  the  infant's  tympanum  is  filled  with  a  fluid,  the 
place  of  which  is  only  gradually  taken  by  the  air.  Sensations  of 
sound,  if  they  arise  at  all,  must  be  at  first  only  occasional  and 
faint.  Binocular  movements  of  the  eyes  in  the  direction  of  bright 
objects  take  place  early  ;  and  it  is  through  sensations  of  light  and 
color  that  the  first  activities  of  the  mind  in  perception  are  aroused 
and  controlled.  But  for  some  weeks  there  are  only  sensations  and 
impressions,  without  true  perceptions ;  there  is  as  yet  no  knowl- 
edge of  any  "  Thing."  This  earliest  relation  of  mind  and  brain, 
with  respect  to  the  degree  and  rate  of  their  development,  is  not 
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favorable  to  anj  form  of  the  materialiatie  theoiy.  It  rather  faTon 
the  Tiew  that  the  mental  phenomena  belong  to  another  pruici|de 
than  any  material  substratum.  The  dependence  of  the  mind  on 
the  brain  is  indirect  and  through  the  sensationa  (chiefly  of  sight 
and  touch)  which  must  be  furnished  to  the  mind  as  the  primaiy 
factors  in  its  dcTelopment  The  halt  in  the  development  of  mind 
at  first,  and  its  distinct  backwardness  with  respect  to  the  relaixTa 
stage  it  has  reached,  are  due  to  a  lack  of  such  sensations  as  hsfs 
the  characteristics  of  spatial  series  (see  Part  IL,  chap.  VL),  and  so 
are  able  to  stimulate  the  mind,  and  afford  it  the  requisite  wMtij»rMl 
for  the  construction  of  true  presentations  of  sense. 

§  7.  Within  a  few  months  after  birth  the  child  has  undezgone 
an  enormous  mental  development ;  it  has  become  a  mind,  in  some 
inchoate  way  recognizing  itself  as  the  subject  of  states,  and  per- 
ceiving a  little  surrounding  world  of  objects  of  sense.  It  has  also 
begun  to  attend  to  the  objects  presented  in  consciousness^  and  to 
direct  its  attention  by  voluntary  choice.  The  mind's  relating  ac- 
tivity has  been  aroused  ;  and  acts  of  memory,  discrimination,  and 
judgment,  as  the  basis  for  those  concepts  which  require  articulate 
language  to  express  them,  are  repeatedly  taking  place.  The  as- 
sumptions of  reason,  ns  involved  in  all  human  experience  of  thingSi 
and  of  their  action  and  reaction  upon  each  other,  are  found  to  be 
shaping  the  growth  of  the  mental  powers. 

As  accompanying  and  forming  the  ground  for  this  sudden  blos- 
soming of  the  mind  in  the  use  of  its  conscious  powers,  there  is  a 
continuous  ami  vet  diminishing  monthly  increase  of  the  substance 
of  the  brain.  No  new  oi*gans  are  formed  within  the  cranial  cavity ; 
but  those  which  have  been  formed  previous  to  birth  are  further 
developed  under  the  changed  conditions  of  nutrition.  In  respect  to 
the  quantity  and  arrangement  of  its  molecules,  the  nervous  mech- 
anism cf^rtiiinly  undergoes  no  development  during  the  first  year  of 
the  child's  life  which  nt  all  corresponds  to,  or  accounts  for,  the 
development  of  the  child's  mind. 

It  nijiy  be  claimed,  however,  that  the  most  important  develop- 
ment of  the  nervous  luechanism  has  been  overlooked  in  the  fore^ 
goinp^  description.  Tliis  development  does  not  consist  so  much  in 
the  increaHod  quantity  of  the  brains  substance,  or  in  the  more 
intricate  arrangement  of  its  elements  with  relation  to  each  other. 
It  consists  rather  in  the  forming  of  what  has  already  been  aUuded 
to  (Part  IL,  chap.  X.,  §§  18  f.)  as  "dynamical  associations*'  among 
the  existing  elements.  The  statement  that  such  is  the  nature  of 
the  developing  activities  of  the  nervous  mechanism,  and  Hie  as- 
sumption that  such  activities  are  an  indispensable  physical  oondi- 
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tion  for  the  growth  of  the  mind,  maj  both  be  taken  for  granted. 
But  even  then  the  argument  is  far  from  complete  upon  which  the 
development  of  mind  as  a  real  being,  with  a  nature  of  its  own,  and 
with  a  history  controlled  by  its  own  laws,  is  denied.  The  forma- 
tion of  the  so-called  ''dynamical  associations"  among  the  mole- 
cules of  the  nervous  mass  furnishes  no  adequate  account  of  the 
development  of  mind.  This  development  is  not  in  the  direction 
simply  of  associating  together  states  of  feeling,  each  one  of  which 
has  an  exact  physical  correlate  in  a  physical  association  among  the 
molecules  of  nervous  substance.  It  is  rather  a  development  which 
for  its  very  existence  requires  something  different  from  such  asso- 
ciations. The  child  might  go  on  forever  merely  associating  together 
affections  of  its  own  mind  in  correspondence  to  dynamical  associa- 
tions among  the  nervous  molecules,  and  yet  have  no  growth  of  ex- 
perience such  as  it  actually  attains.  The  fact  is  that  within  a 
^le  year,  or  within  two  years,  the  child  has  learned  to  know 
*«lliinge^"  to  attend  to  some  in  preference  to  others,  to  refer  its 
states  in  some  crude  way  to  itself,  to  form  concepts  and  judgments 
\}j  the  mind's  relating  activity,  and  to  underlay  the  world  of  iti^ 
sensuous  experience  with  another  world  of  assumption  respecting 
certain  non-seBfiaoaa  rea]itie&  To  aoooont  for  this  boundless  ex- 
pansion of  the  activities  of  conscioosneBs,  with  its  surprising  new 
factors  and  mysterious  grounds  of  synthesis  and  aasumption.  by 
proposing  an  hypothesis  of  ''dynamical  associations"  among  the 
particles  of  nervous  substance  in  the  brain,  is  a  deification  of  im- 
potency.  So  far  as  we  really  know  anything  about  the  development 
of  both  brain  and  mind,  we  are  compelled  to  say  that  the  latter, 
when  once  started  by  the  sensations  furnished  through  excitation 
of  the  former,  proceeds  to  unfold  its  activities  with  a  rapidity  and 
in  an  order  for  which  no  adequate  physical  causes  can  be  assigned. 

During  the  period  of  young  manhood,  or  young  womanhood,  the 
dependence  of  the  development  of  the  mind  on  that  of  the  body 
is  most  strikingly  seen  in  the  influence  over  the  emotions  and 
imagination  from  the  sudden  unfolding  of  certain  bodily  organs 
and  powers.  The  indirect  influence  of  these  acts  of  feeling  and 
imagination  upon  the  more  purely  intellectual  progress  of  the  mind 
is,  of  course,  correspondingly  great  But  the  dependence  of  mind 
on  body  is  by  no  means  such  as  to  favor  the  view  that  there  is  no 
ground  in  a  real  being,  other  than  the  brain,  for  the  order  and  rate 
of  the  mental  development. 

This  same  statement  is  emphatically  true  of  the  long  period  of 
maturity  which  constitutes  what  we  call  the  "middle  life  "  of  man. 
During  this  time  the  nervous  matter  imdergoes  scarcely  any  dis- 
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cemible  deTelopment  Nothing  that  mierotoope  or  electrometer 
can  detect  distinguishes  the  brain  of  the  man  of  iweiitj-fiTe  from 
that  of  the  man  of  fifty.  A  few  grammes  of  weight  have  perhqis 
been  added  to  it  during  this  long  period  of  years.  Anyone  is  tt 
liberty  to  speculate  as  to  the  immense  deTelopment  of  so-called 
''  dynamical  associations  **  which  has  taken  place  daring  the  sune 
period.  We  are  far  from  denying  the  possibility  of  sach  dcTdop- 
ment.  But  the  fact  that  a  large  deTelopment  of  mind  may  hare 
taken  place  during  the  same  period  cannot  be  denied.  H  it  be 
true  that  large  numbers  of  mankind  remain  mentally  stationary  for 
most  of  their  adult  life,  this  truth  in  no  way  faTors  a  materialistic 
view  of  the  development  of  mind.  Most  obeerring  persons  will 
rightly  find  the  chief  account  of  the  failure  of  mental  growth  in 
precisely  those  kinds  of  mental  actirity  which  least  admit  of  being 
explained  by  physical  analogies.  It  is  from  want  of  mental  curiositj, 
attention,  careful  and  comprehensiye  judgment,  sound  moral  par- 
pose,  etc.,  that  most  men  fail  to  develop  during  adult  life  in  their 
mental  powers.  And  these  are  mental  activities  for  explaining 
which  no  one  as  yet  has  been  able  to  conjecture  any  analogous  or 
corresponding  class  of  cerebral  changes. 

Many  minds,  however,  not  only  make  vast  acquisitions,  but  also 
experience  a  large  unfolding  of  mental  capacities  during  the  period 
of  middle  life.  How  mature  and  wide-reaching  do  the  judgmeate 
of  some  men  then  become !  How  profound  the  insight  into  the 
most  absti'act  and  difficult  speculations  comes  to  be !  What  cere- 
bral evolution  shall  be  conceived  of  as  being  the  only  true  cause, 
and  the  exact  physical  correlate,  of  the  mental  development  of  Kant 
during  the  years  preceding  the  appearance  of  the  ''  Critique  of  Pure 
Reason,"  or  of  Newton  while  he  was  unfolding  the  calculations  and 
conjectures  of  the  '"Principia?"  To  hold  that  the  changing  mole- 
cules of  the  brain -substance  of  these  thinkers  were  the  sole  subjects, 
really  being  and  acting  in  the  unrolling  of  these  great  dramas  of 
human  si>eoulation8,  involves  an  astonishing  credulity.  On  the 
contrary,  we  seem  compelled  to  affirm  that  no  important  actirity, 
or  law,  or  fact,  in  the  order  of  such  mental  development,  fails  to 
demand  the  assumption  of  a  real  and  non-material  unit-being,  un- 
folding its  powers  acconling  to  its  own  nature,  although  in  de- 
pendence upon  certain  elements  and  conditions  furnished  through 
the  brain. 

>5  8.  Advancing  old  age  is  doubtless,  as  a  rule,  characterized  by 
a  simultaneous  decline  both  of  certain  mental  and  of  certain  bodily 
powers.  In  this  pericxl  of  life,  however,  the  correspondence  be- 
tween the  changes  in  the  chai-acter  of  the  phenomena  of  conscious- 
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11668  and  the  altered  vigor  and  quality  of  the  nervous  mechanism  is 
not  such  as  to  suggest  that  the  two  have  an  altogether  common 
basis.  In  healthy  normal  old  age  the  course  of  the  mental  life  is 
distinguished  chiefly  by  the  dropping  out  or  diminished  action  of 
certain  factors  that  are  relatively  prominent  in  youth.  The  circu- 
lation is  slower  ;  the  vital  energy  is  declining  ;  the  muscles  are  less 
promptly  and  completely  under  the  control  of  the  volitions ;  the 
end-organs  of  sense  are  less  sensitive  under  impressions ;  and 
certain  emotions  and  passions  whose  physical  basis  is  of  the  most 
obvious  sort  become  greatly  modified  or  disappear.  As  to  the 
marked  effect  of  these  bodily  changes  upon  the  mental  development 
there  can  be  no  doubt ;  and  if  the  previous  mental  development  has 
been  chiefly  along  lines  indicated  by  organic  activities  the  apparent 
decay  of  mental  vigor  when  the  physical  basis  begins  to  fail  is,  of 
course,  also  most  plainly  marked. 

On  the  other  hand,  there  are  many  other  cases,  where  no  notable 
difference  can  be  detected,  or  even  fairly  assumed,  in  the  course  of 
the  psychical  evolution  down  to  the  ''  feebleness  "of  old  age ;  where 
the  course  of  mental  development  continues  substantially  undis- 
turbed in  all  its  most  important  features.  The  mind  of  the  culti- 
vated old  man,  with  calm  and  broad  judgment,  with  refined  kind- 
liness and  fixed  moral  principles,  is  not  to  be  spoken  of  as  suffering 
a  decline  which  keeps  pace  with  the  failing  of  his  physical  powers. 
It  may  justly  be  claimed  that  the  final  period  of  human  life,  on  the 
whole,  favors  that  theory  which  regards  the  mind  as  by  no  means 
wholly  conditioned  upon  the  brain  for  the  character,  order,  and 
laws  of  its  development. 

§  9.  The  same  general  view  of  the  development  of  mind,  which 
is  most  consistent  with  the  facts  of  the  different  stages  of  life,  is 
also  favored  by  considering  those  sudden  checks  or  changes  in  the 
course  of  this  development  that  are  caused  by  disturbing  or  de- 
stroying considerable  portions  of  the  nervous  matter.  The  phe- 
nomena which  follow  experimental  extirpation  of  the  substance  of 
the  brain  in  the  lower  animals,  and  loss  of  it  by  serious  lesions  in 
the  case  of  man,  do  not  favor  a  materialistic  theory  of  mental  de- 
velopment (see  Part  U.,  chaps.  L  and  IL).  Extensive  losses  in 
certain  areas  of  the  cerebral  hemispheres  are  often  followed  by 
no  appreciable  disturbance  even  of  any  sensory  or  motor  activity. 
When  lesions  are  followed  by  such  disturbance,  their  effects  may 
in  time  wholly  or  partially  disappear.  When  such  disturbance  is 
permanent,  it  is  not  necessarily  connected  with  loss  in  the  power 
of  judgment,  in  the  higher  intellectual,  sesthetic,  and  ethical  activi- 
ties of  feeling,  intellect,  or  will.     Even  where  aphasia  is  so  severe 
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as  to  include  the  loss  of  all  power  to  utter  or  undentand  aiticakte 
language,  the  patient  may  still  show  a  good  degree  of  mental  acni^ 
ness  by  ability  to  make  calculations  or  play  games  of  akilL 

On  the  other  hand,  the  much  more  serious  interruption  or  eon- 
plete  loss  of  mental  development  may  occur  when  no  adequate  ei- 
planation  can  be  detected  in  the  disturbance  or  arrest  of  oerebnl 
development  It  is,  of  course,  natural  to  conjecture  that,  in  all 
this  latter  class  of  cases,  more  accurate  infarmation  would  show  ni 
some  diseased  condition  of  the  brain  as  the  physical  antecedent  of 
the  mental  defecta  We  know  that  subtle  changes  in  the  charMtcr 
of  the  blood-supply,  such  as  we  have  no  physical  means  whalenr 
for  detecting,  are  often  the  causes  of  most  profound  changes-- 
eitlier  temporary  or  more  permanent — in  the  train  of  ideas.  None 
the  less,  however,  do  both  classes  of  cases  above  mentioned 
the  theory  we  are  advocating,  rather  than  the  so-called 
theory  of  mind. 

^  10.  All  the  foregoing  considerationa  suggest  the  eomdasicNi 
that  the  mind  is  primarily  and  chiefly  dependent  in  its  develop 
ment  upon  the  nervous  mechanism  for  furnishing  and  directiiig 
the  combination  and  order  in  recurrence  of  those  sensations  whidi 
enter  into  all  presentations  of  sense.  Let  any  person  of  nomiai 
and  sane  brain  and  mind  consider  how  intimate  and  extensive  is 
the  connection  between  his  sensations  and  his  whole  mental  devel- 
opment. Fickle  and  confused  experience  of  sensation  involves 
fickleness  and  confusion  of  judgment  on  all  matters  of  sense.  Loss 
of  any  class  of  sensations,  as  a  whole  or  in  part,  involves  a  distinct 
impainucnt  of  lueutal  powers.  Such  loss  necessarily  changes  to  a 
considerable  extent  the  character  of  the  subsequent  mental  life 
Such  loss,  however,  is  regularly  compensated  for,  to  some  extent 
by  an  increase  of  mental  activity  along  the  lines  which  remain  open 
to  the  mind.  The  man  blind  from  birth  can  never  have  the  same 
course  of  mental  unfolding,  with  res])ect  to  his  perceptions  of 
thingB,  his  idea  of  space,  his  feelings  before  the  beautiful,  etc,  as 
thiit  open  to  his  inoro  fortunate  fellow.  But  he  is  not  necessarOv 
inferior  in  mental  v»ipacity  and  activity  ;  because  the  development 
of  his  mind,  as  conditioned  upon  the  other  senses,  proceeds  with 
tlie  ordinary  puce,  although  along  a  different  path. 

Tlie  mind  is  abanAutehj  dependent  upon  the  nervous  organism  for 
itH  awakening  and  furnishing  in  the  hfe  of  conscious  sensation. 
The  case  of  Laura  BriJgman,  and  others  similar,  show  how  large 
mental  dev(?lopment  is  possible  with  even  a  greatly  diminished  out- 
fit of  the  senses.  But,  of  course,  if  touch  and  muscular  sensation, 
as  well  as  smell,  taste,  healing,  and  sight,  were  lacking,  no  con- 


BSLATION  OF  TUS  FACULTIES.  626 

•dons  mental  life  would  be  possible  in  any  form  known  to  human 
e:q)erience.  The  form  in  which  the  sensationa  shall  combine,  and 
the  time-order  of  their  recurrence,  are  also  dependent  upon  the 
4sharacter,  number,  and  succession  of  the  cerebral  excitations 
caused  by  external  or  internal  stimulL  But  when  once  the  mind 
is  started  upon  its  career  of  unfolding  its  powers,  it  maintains  a 
relative  mdependence  of  its  physical  basis.  Not  that  sensations  and 
resulting  presentations  of  sense,  together  with  the  reproduced  im- 
ages of  such  mental  products,  do  not  always  continue  to  furnish 
indispensable  factors  and  conditions  of  all  mental  development 
In  the  most  abstract  thought,  and  in  the  highest  flights  of  the  im- 
agination, the  mind  never  wholly  gets  away  from  the  world  of  sen- 
sation and  perception,  with  its  immediate  dependence  upon  the 
activities  of  the  physical  and  nervous  basis.  On  the  other  hand, 
the  course  and  extent  of  its  unfolding  are  such  as  to  show  that  its 
stages  and  laws  do  not  all  correspond  to  those  which  characterize 
the  evolution  of  this  basis.  Its  general  dependence  upon  such 
basis,  in  all  its  development,  is  through  the  sensations  and  their 
reproduced  images. 

§  IL  Several  references  to  the  second  argument  (comp.  §  3)  for 
our  view  of  the  development  of  mind  have  already  been  made.  This 
argument  is  based  upon  the  fact  that  certain  indispensable  elements 
enter  into  the  development  of  mind  which  have  nothing  similar  to 
them,  or  strictly  correlated  with  them,  in  the  evolution  of  the  ma- 
terial mechanism.  The  mind  can,  indeed,  undergo  no  development 
except  as  conditioned  upon  these  elements.  But  the  elements 
themselves  cannot  be  regarded  as  the  expression  in  consciousness 
of  merely  physical  causes,  or  as  flowing  necessarily  from  more 
primitive  activities  of  the  mind  which  may  possibly  be  regarded  as 
ihe  expression  of  such  causes. 

All  three  of  those  fundamental  forms  of  activity  which  are  recog- 
nized in  the  ordinary  threefold  division  of  the  soul  into  faculties — 
namely,  acts  of  feeling,  acts  of  knowledge,  and  acts  of  will — neces- 
sarily enter  into  the  development  of  the  mind.  Its  development 
consists  in  the  unfolding  of  these  three  classes  of  acts,  in  their 
mntualdependence  and  according  to  the  laws  which  belong  to  each. 
Among  each  of  these  three  great  classes  of  acts  there  ore  certain 
subordinate  kinds  that  defy  all  attempts  whatever  to  correlate  them 
with  the  changes  in  the  nervous  mechanism,  or  to  explain  them  as 
necessarily  or  actually  arising  out  of  such  physical  changes.  Such 
are  the  feeling  of  moral  obligation,  the  sentiment  of  justice,  the 
love  of  truth,  and  certain  of  the  higher  aesthetic  feelings.  Among 
the  acts  of  knowledge,  such  are  the  mind's  relating  activity,  its  use 
40 
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of  the  principle  of  reason  and  conaeqaent  in  drawing  dedoetioiul^ 
its  confident  assumption  that  similar  phenomena  are  signs  of  like 
realities,  and  that  the  world  of  sensnoas  indiTidnal  e]q>erience  is 
but  the  manifestation  of  an  invisible  world  of  real  beings^  with  per- 
manent properties  and  forces,  acting  and  reacting  under  law. 
Such,  also,  are  the  acts  of  deliberate  choice  among  ooufsm  of  con- 
duct, under  the  influence  of  moral  considerations — the  ads  of  "free 
will "  in  the  highest  sense  of  the  term. 

Not  one  of  the  higher  acts  of  feeling,  knowing,  or  willing,  so  far 
as  its  8ui  generis  character  is  concerned,  admits  of  being  correlated 
with,  or  represented  under,  any  of  the  conceiTable  modes  of  the 
motion  and  relation  of  molecules  of  nenrous  substance.  Certain 
sensations  and  perceptions  connected  with  the  rise  and  growth  of 
the  higher  forms  of  feeling  have,  undoubtedly,  a  physical  basis ; 
but  such  basis  is  not  assignable  to  the  feelings  themselvea  Sen- 
sations and  perceptions,  which  are  resultants  (in  some  meaning  of 
the  word)  of  physical  processes,  are  discriminated  by  judgment  and 
made  the  basis  of  deductions  and  inductiona  But  admitting  tlus 
does  not  one  whit  the  better  enable  us  to  conceive  of  a  physictl 
process  which  can  account  for  the  sui  generis  character  of  the  re- 
lating activity  itsell  Acts  of  "  free  will,"  so  called,  always  take 
place  under  certain  conditions  of  sensation  and  perception,  as  well 
as  of  desire ;  but  the  physical  correlates  of  these  conditions  can  in 
no  respect  be  conceived  of  as  being  also  correlates  of  the  conviction 
that  the  choice  is  responsible  and  free. 

Now,  if  such  activities  as  the  foregoing  do  actually  constitute 
indispensable  elements  of  mental  development — and  it  is  obvious 
that  they  do — this  development  cannot  properly  be  accounted  for 
by  assigning  it  to  a  moss  of  nervous  matter  undergoing  a  physical 
process  of  evolution,  after  the  manner  of  the  growing  human  brain. 
Such  development  rather  implies  a  real  being  of  another  than  the 
physical  order.  This  being  must  be  thought  of  as  stimulated  by 
the  rise  and  recurrence  of  sensations  and  images  of  past  aensatioDS, 
to  unfold  its  own  acti\ities  as  conditioned  by  its  own  inherent 
powera  Like  every  other  real  being,  the  history  of  its  unfolding 
is  dependent  upon  the  relations  in  which  it  is  placed  to  other  r«ii 
beings  ;  but  it  is  nevertheless  a  history  determined  also  by  what 
the  being  is, 

§  12.  The  trial  will  doubtless  be  made  to  escape  from  the  con- 
clusions hitherto  reached,  by  means  of  help  derived  from  a  certain 
psycbolo^cal  theory  of  the  development  of  mind.  It  may  be  ad- 
mitted that  the  attempt  to  find,  directly,  an  adequate  physical  basis 
for  all  these  so-called  higher  faculties^  or  modes  of  the  behavior  of 
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the  mind  in  its  development,  must  be  abandoned.  But  the  higher 
faculties  themselves — it  is  said — are  to  be  regarded  as  develop- 
ments of  the  simplest  activities.  These  highest  faculties  of  all  may 
then  be  directly  connected  with  the  evolution  of  the  body,  or  of 
the  cranial  mass,  through  the  simplest  mental  activities.  In  this 
way  a  kind  of  necessitated  psychical  mechanism  is  set  up,  which  is 
itself  entirely  explicable  as  a  development  from  one  kind  of  element 
(the  sensation) ;  and  then,  by  regarding  this  one  kind  of  element 
as  connected  with  the  motion  of  nervous  molecules  in  a  purely 
mechanical  way,  the  need  is  obviated  of  supposing  any  real  being 
called  Mind  as  undergoing  a  process  of  mental  development 

For  example,  it  may  be  claimed  that  the  one  simple  and  undif- 
ferentiated element  of  all  psychical  experience  is  the  **  nervous 
shock."  This  nervous  shock  is  merely  the  simplest  expression  or 
result  in  consciousness  of  a  nerve-commotion  set  up  by  the  action 
on  the  nervous  mechanism  of  external  or  internal  stimulus.  By 
differentiation  and  combination  of  the  nervous  shocks,  the  so-called 
simple  sensations  arise.  By  reproduction  of  similar  combinations 
of  fainter  shocks,  the  images  of  memory  are  produced.  By  "  ag- 
glutination "  and  **  agglomeration "  of  the  sensations  and  ideas, 
judgments  take  place— only,  since  some  new  kind  of  idea  does  cer- 
tainly seem  to  be  involved  in  the  essence  of  judgment,  it  must  be 
held  that  a  "  feeling  of  relation  **  is  somehow  slipped  in  between  the 
agglutinated  and  agglomerated  sensations  and  ideaa  By  still  more 
elaborate  groupings  of  the  simple  ideas,  systems  of  thought  and  so- 
called  ideas  of  the  highest  order  of  abstraction — ^like  the  ideas  of 
space,  time,  etc.~KX>me  into  mental  being. 

In  the  foregoing  way,  all  the  so-called  mental  processes  that  con- 
stitute the  development  of  the  mind  are  strictly  correlated,  under 
laws  analogous  to  those  which  control  the  relations  of  physical  ele- 
ments, with  the  processes  that  go  on  in  the  nervous  system  ;  thus 
so-called  ''  psychology  "  results  in  bringing  the  mind  of  man  into 
the  same  strict  subjection  to  the  energy  of  outside  nature,  under 
the  law  of  the  conservation  and  correlation  of  energy,  that  charac- 
terizes all  the  phenomena  with  which  modem  physical  science  is 
accustomed  to  deal 

The  above-mentioned  theory  is  doubtless  admirably  simple  and 
thorough-going.  But  its  somewhat  extreme  simplicity  and  thor- 
oughness constitute  very  important  objections  to  it  In  so  crude  a 
form  it  scarcely  deserves  detailed  consideration.  It  is  enough  in 
this  connection  to  call  attention  to  the  fact  that  the  theory  is  built 
throughout  upon  unverified  assumptions ;  and  that,  even  granting 
its  assumptions,  it  affords  no  adequate  description  whatever  of  the 
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real  process  of  human  mental  derelopmenL  No  theory  of  serve- 
commotion  has  yet  been  devised  to  connect  it  with  the  external 
stimuli  under  the  law  of  the  conserration  of  energy.  If  bj  "  ner- 
vous shock  "  be  meant  a  psychical  event,  the  break  between  soch 
shock  and  the  nerve-commotion  which  is  its  antecedent  is  abeohitely 
impassable  ;  no  physical  energy,  under  the  general  law  of  its  con- 
servation and  correlation,  can  pass  this  break. 

Moreover,  there  is  no  actual  or  conceivable  psychical  event  car- 
responding  to  the  undifferentiated  nervous  shock.  Sensations  are 
alwa^'s,  as  such,  and  from  their  very  nature,  of  this  or  that  definite 
quality.  An  undifferentiated  psychical  element  is  a  pure  abstne- 
tion.  Nor  do  sensations  and  their  remembered  images  constitate 
such  existences  that  they  can  be  spoken  of  as  "  agglutinated  "  or 
*'  agglomerated."  The  so-called  ''  feelings  of  relation,"  slipped  in 
between  tlie  single  ideas  and  sensations,  if  by  this  be  meant  any- 
thing less  than  relating  activities  of  the  mind,  are  absurdities  in  no 
way  fitted  to  explain  or  represent  the  act  of  judgment,  And,  finaDy, 
this  entire  account  of  the  course  of  mental  evolution  is  an  utterly 
inadequate  description  of  what  actually  takes  place  in  the  lustoiy 
of  even  the  poorest  and  weakest  human  minda 

§  13.  All  theories  of  the  metital  development  which  account  for 
the  different  so-c^led  faculties  and  stages  of  the  growth  of  mind  as 
though  they  flowed  necessarily  from  some  one  fundamental  activity 
are  inadequate  and  misleading.  The  mind  is  indeed  a  unit-being, 
but  its  uuity  is  not  of  the  kind  alleged  by  these  theories.  Its  dif- 
ferent constitutional  modes  of  behavior  are  not  to  be  resolved  into 
each  other,  or  into  any  cue  most  primitive  activity  ;  nor  do  they  all 
necessarily  flow  forth  from  such  a  primitive  activity.  They  manifest 
the  rich  variety  of  the  mind's  nature.  They  do,  indeed,  preserve  a 
certain  order  in  time  with  regard  to  the  relative  amount  of  their 
unfolding.  The  ditfereut  periods  of  Ufe  are  characterized  by  dif- 
ferent stages  of  mental  development ;  these  different  stages  of  men- 
tal development  ore  characterized  by  a  relative  prominence  of  partic- 
ular faculties,  or  modes  of  the  behavior  of  the  mind.  But  because 
such  a  time-order  is  followed  in  the  development  of  the  mind,  we 
can  by  no  means  conclude  tliat  the  faculties  latest  developed  are 
any  the  less  native  luid  essential  to  the  character  of  the  mind.  Nor 
is  it  true  that  these  latest  and  highest  faculties  can  be  explained  as 
mere  developments  from,  or  modifications  of,  the  earlier  and  sim- 
pler. 

Strictly  speaking,  none  of  the  faculties,  or  constitutional  modes 
of  the  behavior  of  the  mind,  admit  of  being  explained  as  mere  de- 
velopments of  other  faculties.     This  is  true  even  of  those  minor 
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forms  of  actiyity  which  it  is  customary  to  class  tinder  the  same  fac- 
ulty. That  I  have  the  sensation  ''  red  "  is  no  reason  why  I  should 
have  the  sensation  **  green  ; "  and  that  I  have  the  sensations  *'red  " 
and  ''  green  '*  is  no  reason  why  I  should  also  have  the  sensation 
"  blue."  Neither  does  the  existence  of  all  these  so-called  funda- 
mental color-tones,  of  itself,  form  any  reason  why  the  mind  should 
be  affected  with  any  of  all  the  thousands  of  sensations  supposed  to 
be  compounded  from  them.  None  of  these  color-tones,  psychologi- 
cally considered,  can  be  regarded  as  a  development  from  the  fun- 
damental color-tones.  That  I  am  affected  with  a  certain  sensation 
of  color,  lying  at  the  bottom  of  the  spectrum's  scale,  when  several 
billion  vibrations  of  ether  strike  the  retina,  and  with  a  qualitatively 
different  sensation  when  the  number  of  vibrations  is  increased  by 
several  billions  more,  cannot  be  explained  as  an  evolution.  The 
same  remark  holds  within  the  Hmits  of  each  of  the  other  sensea 
Their  scales  of  quality  are  not  such  that  experiences  at  one  place 
of  the  scale  can  be  evolved  from  those  at  other  places  of  the  scale. 
Some  of  them,  such  as  smell  and  taste,  do  not  admit  of  being  re- 
ferred to  any  form  of  a  scale  or  diagram  representing  relations  of 
quality.  The  feeling  of  heat  is  not  another  phase  of  the  feeling  of 
cold  ;  neither  of  the  feelings  of  temperature  is  to  be  explained  as 
arising  out  of  feeHngs  of  pressure  or  motion. 

When  the  sensations  of  the  different  senses  are  compared  with 
each  other,  the  impossibiHty  of  considering  any  of  the  classes  as 
developing  from  any  other  becomes  yet  more  apparent.  That  a 
sentient  being  has  an  experience  of  hearing  musical  tones  which  rise 
in  pitch  as  the  number  of  acoustic  vibrations  varies  from  thirty  to 
thirty  thousand  is  no  reason  at  all  why  the  same  being  should  have 
an  experience  of  seeing  colors  that  change  their  "  color-tone  "  as  the 
number  of  light-vibrations  varies  from  about  four  hundred  billions 
to  about  seven  hundred  billions.  In  the  development  of  the  mind, 
the  senses  may  actually  awaken  in  a  certain  order  more  or  less  defi- 
nitely fixed.  But  this  is  very  different  from  holding  that  they  develop 
out  of  each  other,  or  that  they  are  all  developments  of  some  undif- 
ferentiated sense-element,  the  psychical  correlate  of  the  nervous 
shock.  Moreover,  our  percepts,  or  knowledges  of  **  Things,"  cannot 
be  regarded  as  mere  developments  of  sensations.  That  a  sentient 
being  should  have  sensations  of  sound  and  smell  and  taste,  and  even 
of  light,  color,  temperature,  and  pressure,  is  not  of  itself  a  sufficient 
reason  for  its  having  perceptions  such  as  belong  to  human  experi- 
ence. The  only  way  in  which  such  perceptions  can  be  regarded  as 
the  necessary  resultants  of  the  sensations  which  enter  into  them  as 
parts  is  by  taking  the  nature  of  the  mind  into  the  ao- 
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count  Bat  this  impUee  that  perceptions  are  not  developed  forms 
of  sensations ;  that  Uiey  are  rather  advanced  forms  of  the  actintj 
of  that  real  being  which  is  developing  under  the  experience  of 
sensation— elaborate  products  of  the  synthetic  activity  of  mind. 

§  14  The  knowledge  of  things  by  peroeption  involves  the  activ- 
ity of  the  mind  as  memcnry  and  judgment  Bat  acts  of  memory 
and  judgment  are  not  developmente  from  peroepticm ;  tliey  are 
not  merely  modified  forms  of  sensations  as  recurring  or  combined 
under  the  action  of  physical  antecedenta  AH  talk  aboat  the  "im- 
age '*  of  memory  as  though  it  were  merely  a  faint  or  faded-out  im- 
pression of  sense  is  quite  unavailing ;  it  does  not  hit  the  real  point 
of  inquiry,  and  consequently  does  nothing  to  explain  the  mystery 
(corap.  Part  H,  chap.  X.,  §§  18  ft).  The  vital  element  in  memory, 
that  which  makes  it  to  be  memory,  is  neither  a  sensation,  nor  a 
modified  form  of  sensation,  nor  a  development  of  sensatioiL  The 
same  statement  is  true  of  judgment 

The  relating  activity  of  mind,  the  power  to  bring  two  objects 
together  in  the  imity  of  consciousness,  and,  while  keeping  their 
ideas  distinctly  separate,  to  bind  them  into  one  under  the  mental 
affirmation  of  their  likeness  or  unlikeness — this  is  a  new  and  start- 
ling mode  of  the  activity  of  mind  as  contrasted  with  merely  being 
affected  in  sensation.  Minimize  it  as  we  may,  we  cannot  look  upon 
this  activity  as  a  mere  *'  resultant  *'  of  two  sensations  or  images  of 
sensations  arising  simultaneously  in  the  mind.  We  cannot  consider 
judgment  under  the  principle  of  the  conseivation  and  correlation  of 
energy.  To  treat  it  as  such  involves  the  grossest  misapplication  of 
the  laws  which  control  the  coincidence  or  conflict  of  physical  forces. 
Nor  are  the  different  forms  of  the  relating  activity  of  the  mind- 
concept,  judgment,  deduction,  induction — to  be  legarded,  strictlj 
speaking,  as  developments  from  each  other  or  from  any  one  mental 
activity  simpler  than  any  of  them.  They  may  all,  indeed,  be  consid- 
ered as  modes  of  the  relating  activity,  because  they  involve  discrim- 
ination, the  discernment  of  hkenesses  and  unlikenesses.  But  each 
one  of  them  involves  somewhat  more  than  simple  discrimination  ; 
each  one  involves  other  elements  peculiar  to  itself.  That  a  sentient 
being  should  simply  judge,  or  affirm  this  of  that,  is  not  of  itself  a 
sufficient  reason  why  it  should  also  make  inferences  by  syllogistic 
jTocesses  or  arrive  at  general  laws  by  induction.  Indeed,  the 
former  may  belong  to  many  animals  which  are  incapable  of  the 
latter. 

§  15.  We  may  properly  continue  the  foregoing  line  of  remarks  into 
the  consideration  of  the  mind's  most  general  activitiea  Modem 
psychology,  we  have  seen,  is  accustomed  to  distinguish  faoolties  of 
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knowing,  feeling,  and  willing  as  belonging  to  the  mind.  But  it  is 
emphatically  true  that  no  one  of  these  three  faculties  can  be 
recorded  as  developed  from  any  other  one,  or  from  any  two  com- 
bined. That  a  being  feels — that  is,  is  affected  with  a  state  of 
consciousness  more  or  less  pleasurable  or  painful,  and  haying  a 
characteristic  quality — is  in  itself  no  ground  for  explanation  of  its 
knowing  "  Things  "  through  sense-perception,  and  inference.  Con- 
versely, a  being  is  conceivable  with  the  knowledge  of  an  archangel, 
but  without  experience  of  desire,  emotion,  or  sentiment  of  attrac- 
tion or  repulsion.  Such  a  being  would  indeed  have  to  attain  its 
knowledge  in  other  ways  than  those  open  to  us,  and  we  find  it 
difficult  or  impossible  to  imagine  precisely  what  such  knowledge 
could  be  like.  But  growth  in  knowledge  is  a  different  thing  from 
the  unfolding  of  mere  feeling ;  and  the  former  cannot  be  explained 
as  arising  out  of  the  latter.  Acts  of  will  are,  indeed,  always  actually 
dependent  upon  knowledge  and  feeling,  and  cannot  even  be  con- 
ceived of  as  taking  place  without  this  dependence.  But  acts  of 
will  are  not  mere  developments  of  those  acts  of  knowledge  and 
feeling  on  which  they  undoubtedly  depend.  The  act  of  choice  in- 
volves a  new  element,  an  element  not  to  be  necessarily  evolved  from 
the  other  activities  of  mind. 

§  16.  We  are  so  accustomed  to  the  action  in  common,  in  the 
unity  of  consciousness,  of  all  the  so-called  faculties,  that  any 
attempt  to  account  for  them  as  different  modifications  of  one  form 
of  energy  meets  with  a  favorable  reception.  Nothing  thus  far  said 
is,  of  course,  to  be  construed  to  the  prejudice  of  the  imity  of  the 
mind.  But,  on  the  other  hand,  the  incomparable  wealth  in  variety 
of  its  natural  achievements  should  not  escape  our  notice.  From 
the  beginning  to  the  end  of  conscious  life,  the  forth-puttings  of  the 
mind  continue.  They  are  all  actual  concrete  events,  happenings  in 
consciousness  which  have  no  permanent  existence  and  are  never 
twice  precisely  alike.  That  they  are,  however,  alike  in  certain 
particulars  and  unlike  in  others,  we  can  observe  in  consciousness 
itself.  Indeed,  it  is  upon  this  fact  that  the  possibility  of  any 
orderly  progress,  any  true  development  of  mind,  depends.  But 
the  different  classes  of  mental  activities  are  not  to  be  regarded  as 
though  they  could  themselves  be  explained  each  from  the  other,  as 
the  (Afferent  stages  of  the  embryo  of  an  animal  or  of  the  germinat- 
ing and  growing  seed  of  a  plant  are  successively  evolved. 

The  development  of  mind,  therefore,  cannot  be  explained  after 
the  analogy  of  the  accretion  of  molecules  within  a  germ,  and  the 
resulting  division,  multiplication,  and  advancing  arrangement  of 
the  living  cells  into  separate  organs  of  the  entire  system.    No  real 
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dements  of  the  mind  exist  which  can  aggregaie  to  themselfos  other 
elements  bj  absorbing  them  as  pabulum,  or  can  grow  by  arranging 
the  new  material  thus  gained  according  to  the  energies  inherent  in 
the  material  already  organized.  The  life  of  oonsciouaness  is  a  nerer- 
eeasing  change  of  states.  Yet  the  result  of  this  change  of  states  is 
an  orderly  history,  a  true  development  Such  development  is  not 
merely  the  expression  of  the  evolution  of  the  material  basis  of  some 
of  these  mental  states.  For  it  does  not  follow  the  same  order  or 
the  same  laws  as  govern  the  material  evolution ;  and  some  of  its 
most  important  factors  cannot  be  regarded  as  having  any  physkad 
correlate,  or  as  evolved  from  other  Victors  which  have  such  a  corre- 
late. The  development  of  Mind  can  only  be  regarded  as  the  progre^ 
sive  manifestation  in  consciousness  of  the  life  of  a  real  being  whkh, 
although  taking  its  start  and  direcHon  from  the  action  q^  the  phyn- 
cal  elements  of  the  body,  proceeds  to  ur^old  powers  that  are  sui  generis, 
according  to  laws  of  its  ounL 


CHAPTER   m. 

REAL    CONNECTION    OF   BRAIN   AND   MIND. 

§  1.  That  certain  uniform  relations  exist  between  the  mental 
phenomena  and  the  action  of  stimuli  upon  the  nervous  system,  is  a 
most  general  conclusion  of  Physiological  Psychology.  These  rela- 
tions are  chiefly  concerned  with  variations  which  take  place  in  the 
quality,  intensity,  combination,  and  time-order  of  the  states  of  con- 
sciousness, as  dependent  upon  the  varying  amounts  and  order  of 
different  modes  of  physical  energy  as  applied  to  the  end-organs  of 
sense.  But  evidence  enough  exists  to  show  that  the  more  ultimate 
psycho-physical  relations  are  those  which  exist  between  states  of  the 
brain  and  states  of  the  mind.  The  dependence  of  mental  states  on 
physical  events  outside  of  the  body,  or  at  its  periphery,  is  gained  by 
means  of  the  central  organs  of  the  nervous  system.  In  the  case  of 
man,  at  least,  what  hapx)ens  beyond  the  cerebral  hemispheres  is 
significant  for  the  states  of  consciousness  only  as  the  hemispheres 
themselves  are  affected  by  it  What  happens  beyond  the  cerebral 
hemispheres  becomes  the  cause  or  antecedent  of  what  happens  in 
consciousness,  through  this  portion  of  the  brain.  If  our  informa- 
tion were  sufficient,  then,  the  empirical  science  of  the  connection 
of  body  and  mind  would  comprise  a  statement  of  all  the  relations 
which  exist  between  the  mental  phenomena  and  the  changes  with 
respect  to  chemical  constitution,  structural  form,  and  physiological 
function,  which  take  place  in  the  molecules  of  the  cerebral  areas. 

But  even  if  the  conditions  were  already  fulfilled  for  a  complete 
science  of  Physiological  Psychology,  we  should  scarcely  find  our 
speculative  inquiries  satisfied  by  this  science.  The  desire  would 
doubtless  still  be  strong  to  discover  some  more  general  statement 
for  the  real  connection  between  physical  and  psychical  phenomena. 
The  question  would  still  be  raised :  What,  then,  is  the  one  inclusive 
proposition,  or  word,  or  term,  which  gives  the  essence  of  all  the  re- 
lations between  the  brain  and  the  mind  ?  It  would  seem  tedious  and 
disappointing  to  reply  to  this  question  by  again  enumerating  all  the 
particulars  which  psycho-physical  science  has  discovered.  Let  it  be 
taken  for  granted  that^  when  lesions  happen  in  certain  areas  of  the 
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cerebral  cortex,  such  or  such  distnrbanoes  of  tbe  phenomena  of 
consciousness  take  place  ;  that  when  so  many  molecolar  Tibrations  of 
a  given  wave-form  and  intensity  occur  within  the  cezebral  element8» 
sensations  of  a  certain  fixed  quality  and  quantity  arise  in  the  mind ; 
that  when  certain  fainter  vibrations  of  like  wave-form  retom  in  the 
same  elements,  reminiscences  of  the  aforesaid  sensations  are  ex- 
perienced, etc,  etc.  We  are  still  inclined  to  ask :  What  is  the 
meaning  of  aU  this  ?  or.  How  are  brain  and  mind,  actually  and  in 
principle,  related  to  each  other  ? 

It  is  in  deference  to  the  raising  of  inquiries  of  the  foregoing 
rational  sort — inquiries  which  are  perpetually  repeated  all  the  way 
along  the  path  of  psychological  research — that  we  speak  further  of 
a  real  connection  between  brain  and  mind.  Of  course  every  such 
form  of  speech  involves  the  assumption  that  the  mind  is  a  real  be- 
ing which  can  stand  in  relation  to  other  real  beings,  and  not 
merely  the  formal  or  grammatical  subject  of  mental  phenomena. 
This  assumption  has  already  been  made  and  partially  verified.  In 
continuing  to  make  it  for  the  purposes  of  the  present  chapter,  we 
shall  find  it  still  further  verified. 

§  2.  Various  attempts  have  been  made,  from  one  or  another 
point  of  view,  to  sum  up  in  some  single  word  the  relations  that 
maintain  themselves  between  the  body  and  the  souL  Thus,  the 
bo<ly  has  frequently  been  spoken  of  as  the  "  seat  "or  **  organ  "  of 
the  soul.  Looking  at  these  relations  from  the  more  materialistic 
point  of  view,  we  have  already  seen  how  mental  phenomena  may 
be  regarded  as  the  "  products  "or  **  resultants  "  or  "  manifesta- 
tions "  of  the  functional  activity  of  the  brain.  More  highly  figonh 
tive  terms  even  have  often  enough  been  employed.  The  body  has 
been  called  the  **  prison  "or  **  tenement  "or  "  tabernacle  "  of  the 
soul.  Not  seldom,  also,  has  the  mind  been  represented  as  master- 
ing and  controlling,  and  even  '*  moulding  "  the  body — somewhat 
as  the  rider  subdues  and  guides  his  horse,  or  the  worker  in  day 
and  metal  shapes  the  product  of  his  toil  One  form  of  the  doctrine 
of  **  Animism  "  has  hold  that  the  mind  is  identical  with  the  vital 
principle,  which  is  busy  from  the  very  impregnation  of  the  ovum 
in  shapin*]f  its  increasing  molecules  according  to  an  unconscious  or 
dimly  conscious  plan.  Much  debate  has  also  been  held  as  to 
whether  the  conception  of  **  cause  "  is  apphcable  to  any  of  the  rela- 
tions in  which  body  and  soul  stand  to  each  other — whether,  indeed, 
it  must  not  rather  be  held  that  what  happens  in  one  is  only  the 
"  occasion "  on  which  some  underlying  cause,  common  to  both, 
operates  to  produce  a  change  in  the  other. 

g  3.  The  inquiry  in  what  sense,  if  at  all,  the  brain  can  be  said  to 
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be  the  "  seat  **  of  the  mind  is  more  easily  answered  in  a  negative 
than  a  positive  way.  Nothing  but  the  crudest  notions,  both  of  the 
nervous  mechanism  and  of  the  mind,  would  be  consistent  with  any 
of  the  more  literal  and  direct  interpretations  of  this  word.  Few 
would  seriously  regard  the  mind  as  a  special  entity,  whether  con- 
structed of  ordinary  material  atoms  or  constituted  in  ethereal  form, 
that  maintains  a  sitting  or  other  posture  amidst  the  cerebral  masses. 
Nor  is  it  any  more  correctly  conceived  of  as  thinly  difiused  over 
the  entire  mechanism  of  nerve-ceUs  and  nerve-fibres,  or  as  wander- 
ing about  among  the  nerve -molecules  to  find  its  temporary  *'  seat " 
where  occasion  seems  to  require  its  presence.  And,  although  some 
of  the  phenomena  of  mind  and  brain  perhaps  admit  very  well  of 
being  brought  under  the  conception  of  the  atom,  acting  and  acted 
upon  in  varying  relations  to  other  atoms  of  kinds  different  from 
itself,  no  essential  gain  is  made  by  the  attempt  to  regard  the  mind 
as  in  reality  an  atom.  In  brief,  Uiere  is  no  literal  meaning  of  the 
words  in  which  we  can  speak  of  the  mind  as  ttealed  in  the  brain. 
The  phrase,  the  brain  is  the  "  seat  "  of  the  mind,  is,  however,  very 
well  adapted  to  raise  the  whole  question  of  the  spatial  qualities  of 
the  mind,  and  of  its  alleged  spatial  relations  to  the  molecules  of 
the  central  nervous  system.  We  shall,  then,  briefly  consider  the 
question  in  this  form. 

§  4.  There  can  be  no  doubt  that  ordinary  language  justifies  us  in 
speaking  of  the  soul  as  in  the  body,  in  some  sense  in  which  this 
term  does  not  apply  to  any  other  coUection  of  material  atoma 
The  human  soul  is  in  the  human  body  as  it  is  not  in  the  bird,  the 
tree,  the  house,  the  star.  Even  that  way  of  regarding  the  mind's 
nature  which  does  not  hesitate  to  speak  as  though  it  were  a  thinly 
difi^ed  and  half-spiritualized  form  of  matter,  assents  to  the  neces- 
sity of  asserting  a  special  relation  in  space  between  it  and  the  body. 
Hence  some  old-time  philosophies  represented  the  soul  in  percep- 
tion as  streaming  out  through  the  avenues  of  sense  in  order  to  get 
the  sensuous  object  into  its  embrace  :  or  else  pictured  some  ethe- 
realized  copy  of  this  object  as  streaming  into  the  soul  by  the  same 
avenues.  But  even  such  a  view  of  the  nature  and  activities  of  the 
mind  is  based  upon  the  claim  that  the  body  is,  in  some  sort,  the 
peculiar  dwelling-place,  or  "  seat,"  of  the  mind.  A  correct  account 
of  the  process  by  which  the  world  of  things  becomes  known  shows 
that  all  our  experience  is  connected  with  the  establishing  and  jus- 
tifying of  this  claim.  There  are  no  **  things "  known  to  experi- 
ence except  as  our  sensations,  or  modes  of  being  afTected,  are  both 
localized  and  projected  ejr^ra-mentally.  Inducements  and  consid- 
erations, such  as  have  already  been  treated  in  great  detail  (Part  IL, 
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chaps.  VL  and  YIL)  irresisiibly  urge  the  mind  to  amiige  all  its 
phenomena  into  two  great  classes — ^phenomena  which  are  qualities 
of  outside  things,  and  phenomena  which  are  mere  states  of  internal 
experience.  But  the  same  inducements  and  oonsideraikms  compel 
us  to  look  upon  certain  phenomena  of  the  first  dass  as  related  to 
our  mere  states  of  consciousness  in  a  peculiar  way.  The  world  of 
things  outside  always  (at  least  in  ordinary  experience)  affects  us — 
is  perceived  by  us  or  modifies  our  consciousness — through  the  body. 
The  mind  is,  therefore,  said  to  he  in  the  body. 

The  conclusion  from  the  foregoing  general  experience  is  con- 
firmed by  certain  experiences  of  a  special  order.  The  feelings  of 
pleasure  and  pain,  which  have  so  immediate  and  incontestable  a 
value  for  the  life  of  the  mind,  are  all  connected  with  sensations 
more  or  less  definitely  localized  in  the  body.  Hence  men  say,  '*  My 
nose  is  offended  by  this  smell,"  "  My  tooth  is  aching,'*  or  "  My 
limb  is  su£fering."  So  close  is  the  connection  between  the  localized 
sensations  and  the  painful  or  pleasurable  states  of  the  mind,  that 
the  mind  actually  seems  to  be  suffering  in  that  part  of  the  body 
where  the  sensations  are  localized.  When  the  localizing  of  sensa- 
tions connected  with  feelings  of  strong  '*  tone "  is  very  indefinite, 
as  it  is  in  cases  where  the  feelings  arise  from  the  condition  of  large 
areas  of  the  internal  organs,  the  soul  seems  to  be  suffering  in,  and 
throughout,  almost  the  entire  body. 

Furthermore,  both  ordinary  experience  and  scientific  observatioD 
require  us  to  regard  the  mind  as  standing  under  certain  special  re* 
lations  to  parts  of  the  body.  The  ancients  located  the  soul  in  the 
heart  or  lower  viscera,  because  of  certain  marked  connections  be- 
tween the  states  of  the  soul  and  the  condition  of  these  organs. 
But  to  speak  of  the  soul  as  seated  in  the  heart  or  other  riscen 
plainly  a])plies  most  pertinently  only  to  the  soul  as  an  emotional 
being  ;  the  obvious  connection  of  the  head  with  most  of  the  more 
obtrusive  scn&itions  tends  to  confirm  us  in  the  belief  that  the 
mind,  as  perceptive,  has  its  "  seat "  in  that  region  of  the  body. 
For  reasons  jilready  given  in  detail  (see  Book  IL,  chaps  L  and  II 
and  elsowliere),  modem  scientific  researches  justify  us  in  narrowing 
more  precisely  the  local  domain  within  which  we  can  affirm  the 
mind  to  have  its  seat.  The  mind  is  certainly  in  the  nervous  svs- 
tem,  in  a  Rcnse  in  which  it  is  not  in  any  other  of  the  systems  of  the 
animal  body.  !More  precisely  yet,  it  is  pre-eminently  in  the  brain ; 
and,  amonf:^  all  the  complex  groups  of  encephalic  organs,  the  final 
and  Hi>ecial  claim  of  the  cerebral  cortex  to  be  the  "  seat "  of  the 
mind  is  most  easily  maintained.  Here,  in  this  convoluted  rind 
which  forms  the  interlaced  *'  projection-systems  **  of  sensory  and 
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voluntary  motor-impulses,  here — if  anywhere — must  it  be  held 
that  the  subject  of  the  states  of  consciousness  has  its  dwelling- 
place  and  home. 

§  5.  At  this  point,  however,  the  results  of  modem  scientific  in- 
quiry become  unfavorable  to  the  e£fort  yet  more  particularly  to 
designate  a  material  **  seat "  for  the  mind.  The  eager  imagination 
having,  as  it  were,  hunted  the  soul  down  as  it  retreats  inward  and 
upward  to  the  higher  regions  of  the  supreme  central  organs,  re- 
quires some  more  precise  information  as  to  just  where  in  these 
regions  its  existence  may  be  pointed  out  Is  there  any  one  mathe- 
matical point,  or  minute  area  in  the  cerebral  cortex  that  is  most 
especially  of  all  the  dwelling-place  of  mind  ?  If  so,  might  it  not 
be  properly  conceived  of  as  ordinarily  remaining  at  this  point  to 
receive  the  messages  despatched  to  it  from  the  various  parts  of  the 
periphery  ;  and  as  executing  its  will  over  those  peripheral  parts 
by  sending  back  to  them  corresponding  messages  despatched  from 
the  same  central  point  ?  The  pineal  gland  has  undoubtedly  lost 
the  significance  which  Descartes  gave  to  it  as  the  special  seat  of  the 
aouL  But  can  no  substitute  be  found  to  take  and  hold  so  impor- 
tant a  place  ?  The  answer  of  cerebral  histology  and  physiolog}'  to 
the  foregoing  questions  is,  on  the  whole,  a  decided  negative  (comp. 
Book  L,  chap.  H,  and  Book  IL,  chaps.  L  and  H). 

Certain  areas  of  the  cerebral  cortex  do,  indeed,  appear  to  have  a 
particular  connection  with  the  execution  of  certain  functions  of  the 
mind  ;  the  exact  nature  of  this  connection,  however,  cannot  as  yet 
be  clearly  indicated.  But  the  very  phenomena  on  which  reliance 
is  placed  for  establishing  the  foregoing  connection,  forbid  us  to 
regard  the  mind,  in  its  special  relations  to  the  brain,  as  limited  to 
any  point  or  small  area  of  the  cerebral  cortex.  Considerable  pai*ts 
of  all  the  cerebral  areas  can  be  destroyed  without  impairment  of 
any  of  the  essential  functions  or  faculties  of  mind.  Moreover,  both 
gross  and  microscopic  anatomy  show  us  that  the  cortical  part  of 
the  brain,  like  all  its  other  parts,  is  not  constructed  on  the  plan  of 
having  its  uses  for  the  mind  concentrated  in  any  one  minute  cir- 
cumscribed spot.  In  any  sense  in  which  the  mind  can  be  said  to 
have  its  "  seat "  in  the  brain  at  all,  in  that  some  sense,  and  with 
equal  propriety,  may  the  entire  cerebral  cortex,  with  its  vast  com- 
plexity of  nerve-fibres  and  nei-ve-cells,  be  said  to  be  the  "seat "  of 
the  mind. 

§  6..  And  now  the  puzzHng  question  recurs :  What  that  is  intelli- 
gible can  be  meant  by  designating  the  supreme  central  organs  of 
man's  nervous  mechanism  as  the  '*  seat  "  of  his  conscious  mind? 
No  one  is  directly  conscious  of  these  organs.     Tlie^  subject  of  con- 
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Bciousness  is  not  a  being  which  can  be  conceived  of  as  "  posturing* 
within  or  amongst  a  certain  larger  or  smaller  group  of  material 
molecules.  And  jet,  plainly,  in  some  sense  the  mind  is  to  be 
thought  of  as  in  the  brain,  as  it  is  not  in  any  object  outside  of  the 
body,  or  in  any  of  the  non-nervous  organs  of  the  body  (bones,  hair, 
nails,  fat,  muscular  tissue  as  such,  etc.),  or  even  in  the  remainder 
of  the  nervous  system. 

The  only  solution  for  such  a  puzzle  as  the  foregoing — if  solution 
it  can  be  called — must  always  consist  in  calling  attention  anew  to 
the  essential  facts  of  the  case.  Certain  particles  of  very  highly 
organized  chemical  constitution,  when  grouped  into  nerve-fibres 
and  nerve-cells,  and  when  further  associated  into  organs,  may  be 
acted  upon  by  appropriate  stimuli  These  material  particles  are 
locally  in  the  cranial  cavity,  and,  more  precisely,  in  this  or  that  area 
or  organ  of  the  cranial  contents.  Moreover,  a  large  and  important 
part  of  the  phenomena  of  consciousness  consists  in  localized  bodily 
sensations  of  a  painful  or  pleasurable  character.  To  these  facts  in- 
vestigation adds  the  inference  as  based  upon  experiment  and  ob- 
servation in  the  case  of  others,  that  the  localized  sensations  are 
themselves  ultimately  dependent  upon  the  behavior  of  the  afore- 
said material  molecules  in  the  brain.  That  is  to  say,  we  directly 
localize  many  of  our  mental  affections  in  this  or  that  part  of  the 
body  ;  by  remote  processes  of  observation  and  argument  we  infer 
that  the  last  material  antecedent  of  them  all  is  the  behavior  of  cer- 
tain invisible  parts  of  the  body  within  the  brain.  Therefore  we  say : 
The  mind  is  in  the  brain ;  or  the  seat  of  the  mind  is  the  brain.  By 
this,  nothing  further  can  be  meant  of  an  assured  or  inteUigible 
character  than  the  emphatic  repetition  of  the  same  principal  facts; 
the  sensations  which  we  localize  at  the  periphery  of  the  body,  or 
project  from  the  body  in  space,  eJI  have  a  8ui  generis  connection 
with  the  condition  and  action  of  that  portion  of  the  same  body 
which  is  contained  in  the  cranial  cavity.  Our  modes  of  being  af- 
fected are  directly  localized  in  space  outside  of  the  body,  or  in  the 
various  peripheral  parts  of  the  body.  The  part  of  the  body  on 
which  the  activity  of  having  these  percepts  is  immediately  depend- 
ent is  localized  by  science  in  the  brain.  Other  activities  of  mind 
arc  probably  also  thus  dependent  on  the  brain.  In  no  other  sense 
can  the  brain  be  said  to  be  the  seat  of  the  mind. 

As  to  the  possibility  of  such  a  sui  generis  relation  between 
material  elements  which  exist  in  space,  and  the  localizing  and  other 
activities  of  a  being  not  to  be  conceived  of  as,  strictly  speaking,  in 
space,  only  experience  is  entitled  to  pronounce.  Such  a  relation  is 
an  accompUahed  fact    The  fact  is  not  to  be  disputed  on  any  oo- 
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called  B  priori  groimdB  trhatever.  Both  the  dicta  which  have  some^ 
times  been  made  to  bear  on  the  case  are  alike  inapplicable  On 
the  one  hand,  it  has  sometimes  been  claimed  that  a  being  cannot 
act  where  it  is ;  on  the  other  hand,  that  a  being  cannot  act  where 
it  is  not  Nothing,  however,  can  be  known  as  to  how  and  where 
beings  can  or  cannot  act^  except  through  experience  of  how  they 
actually  do  act  Building  our  conceptions  upon  the  basis  of  facts, 
we  should  be  inclined  to  say  that  beings  act  upon,  and  are  acted 
upon  by  each  other,  according  to  their  differences  in  constitution 
and  relations  in  space.  Gravitation  keeps  constantly  before  us  the 
example  of  all  bodies  acting  unceasingly  upon  each  other,  in  many 
cases  over  distances  that  are  immense.  The  amount  of  this  action 
depends,  indeed,  upon  the  distance  over  which  it  takes  place  ;  but 
the  action  at  all  is  an  instance  of  beings  acting  where  they  are  not. 

When  material  molecules  are  approached  nearer  to  each  other 
than  a  given  small  distance  we  at  once  discover  new  modes  of  be- 
havior set  up,  which  depend  upon  what  the  molecules  are,  and 
what  their  condition,  etc  New  laws,  such  as  those  of  cohesion  and 
chemical  affinity,  have  now  to  be  taken  into  the  account  But 
gravitation,  cohesion,  and  chemical  affinity  are  all  alike  to  be  imder- 
stood  as  expressive  simply  of  the  regular  modes  of  the  behavior  of 
material  elements,  with  reference  to  each  other,  under  varying  con* 
ditions.  All  these  modes  of  behavior  modem  physical  science  re- 
duces to  motions  of  various  kinds,  directions,  durations,  and  veloci- 
ties. What  is  true  of  all  material  elements  is  true  of  those  of  the 
brain  ;  they  can  do  nothing  but  move. 

If,  then,  we  are  to  speak  of  the  mind  as  having  its  ''  seat "  in  the 
brain,  in  a  literal  way,  we  must  regard  it  as  one  among  the  many 
molecules  or  atoms  of  which  the  brain  is  composed — wandering 
(that  is,  moving  in  a  peculiar  fashion)  among  the  others,  and  so 
variously  acting  on  them,  and  being  acted  upon  by  them.  But  if 
the  mind  were  such  a  molecule  or  atom,  the  only  affection  it  could 
receive  from  the  rest  of  the  brain-molecules  would  be  to  change 
the  kind  and  direction  of  its  own  motion ;  the  only  effect  the 
mind-atom  could  produce  in  the  material  atoms  of  the  brain  would 
be  to  modify  their  motion  with  respect  to  kind  and  direction.  But 
it  would  still  be  just  as  difficult  as  before  to  understand  how  the 
phenomena  of  consciousness  should  result  from  the  movement  of 
one  atom  among  other  atoms — no  matter  how  pecuhar  in  constitu- 
tion each  of  these  two  kinds  of  atoms  (the  mind-atom  and  the 
brain-atoms)  might  be. 

It  does  not  follow,  however,  that  the  relation  of  the  mind  to  the 
brain  is  any  more  ultimately  mysterious  than  that  of  the  molecules 
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of  ihe  bndn  to  one  another.  Nor  does  it  form  an  insaperable  o1>> 
jeotion  to  the  former  relation  that  it  is  not^  like  the  latter,  a  rela- 
tion of  changes  of  position  in  space.  For  who  shall  imdertake  to 
affirm  that  beings  which  are  not  extended  and  moTable  in  spaee, 
because  their  very  nature  is  of  another  order,  cannot  exist  in  rda- 
tions  of  any  kind  to  beings  which  are  thus  extended  and  moTaUe? 
If  the  existence  of  the  former  kind  of  beings  consists  essentiaUy  in 
states  of  consciousness,  this  fact  does  not  prevent  their  dependence 
upon  the  changing  relations  in  space  of  extended  and  movable  be- 
ings. It  is,  in  reality,  in  this  way  that  the  mind  is  related  to  the 
brain.  To  speak  of  the  mind  as  having  its  '*  seat "  in  the  brain  Ib 
to  reaffirm  the  reality  of  such  relation& 

§  7.  The  term  *'  organ  "  (or  instrument)  of  the  mind,  as  applied 
to  the  body,  is  particularly  calculated  to  emphasize  the  relation  of 
the  ideas  and  volitions  which  arise  in  consciousness  to  the  control 
of  the  muscular  apparatus.  But  the  same  term  may  also  be  used, 
though  with  less  of  propriety,  to  describe  the  relation  of  the  brain 
to  the  mind  in  sensation  and  thought  Thus  we  may  be  said  to 
feel  or  think  vriih  the  brain,  in  some  manner  supposed  to  be  anal- 
ogous to  that  in  which  the  workman  accomplishes  his  task  by 
availing  himself  of  a  particular  tool  or  instrument.  It  is  obvious, 
however,  that  the  figure  of  speech  suggested  by  these  terms  also 
will  not  admit  of  a  literal  interpretation.  We  cannot  conceive  of 
the  miud  as  a  peculiar  kind  of  material  entity  which,  when  it  de- 
sires or  wills  to  move  the  bodily  members  in  a  certain  way,  lays 
a  clutch — as  it  were — upon  the  nervous  substance  of  the  central 
organs,  and  so  makes  the  body  serve  as  an  ''  organ  "  of  the  desire  or 
volition.  Even  less  are  we  to  conceive  of  the  brain  as  a  complex 
tool  or  meclianism  which  the  mind  uses  in  thought  and  feeling, 
somewhat  as  senses  and  fingers  avail  themselves  of  a  calculating 
machine  or  of  a  musical  instrument. 

In  producing  changes  of  shape  and  position  in  masses  of  matter 
outside  of  our  own  bodies,  we  ordinarily  find  it  convenient  to  use 
some  material  medium  between  those  masses  and  the  various  mov- 
able parts  of  our  own  bodies.  We  throw  up  the  ground  with  spade 
or  shovel,  cut  down  the  tree  with  an  axe,  feed  ourselves  with  knife 
and  fork,  etc.  We  can,  by.  means  of  much  more  complicated 
mechanisms,  accompUsh  a  great  variety  of  changes  which  it  would 
be  quite  impossible  to  accompHsh  without  such  aid.  On  the  other 
hand,  we  sharpen,  define,  and  multiply  our  sensations  and  percepts 
of  things  in  similar  manner.  The  deaf  man  hears  with  a  trumpet 
or  other  acoustic  contrivance  ;  and  the  scientific  observer  contrives 
an  instrument  for  observing  the  absolutely  simple  tones  as  analyzed 
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out  of  the  composite  clang.  With  the  lenses  of  his  spectacles  the 
man  of  defective  vision  sees  what  would  otherwise  be  invisible  ; 
and  with  a  prism  the  optician  beholds  the  colors  of  the  spectrum. 
Kemote  objects  are  brought  near  with  the  use  of  the  telescope,  and 
▼eiy  minute  objects  near  by  are  revealed  bj  the  microscope. 

It  is  characteristic  of  all  the  most  skilful  use  of  tools  and  instru- 
ments that  thej  come  to  seem  to  the  observer  like  a  part  of  his 
own  bodily  mechanism.  By  feelings  of  ''double  contact"  (see 
Part  n.,  chap.  VL,  §  31)  the  workman  comes  to  know,  tvith  the 
chisel,  the  wood  or  metal  which  he  is  carving — just  as  the  blind 
man  seems  to  extend  his  conscious  life  to  the  very  end  of  the  stick 
he  is  accustomed  to  carry.  In  these  cases  the  mental  picture  before 
the  practised  mind  is  not  that  of  the  hand  and  the  way  it  must  be 
moved,  but  of  the  graving  tool  and  the  motion  to  be  imparted  to 
it — as  though  the  instrument  itself  were  immediately  subject  to 
volition. 

§  8.  The  conception  of  an  "  organ  "  or  instrument  may  with  pro- 
priety be  extended  so  as  to  cover  the  relation  which  exists  between 
the  nervous  system  and  the  muscular,  and  between  the  central  and 
the  peripheral  parts  of  the  nervous  system.  Thus  it  may  be  said 
that  the  spinal  cord  and  brain  move  the  limbs  with  the  use  of  the 
afferent  nerves,  or  that  the  cerebral  hemispheres  employ  the  lower 
ganglia  of  the  brain  in  effecting  certain  co-ordinations  of  sensation 
and  motion ;  it  may  even  be  said  that  the  end-organs  of  sense 
communicate  with  the  supreme  central  organs  by  means  of  the 
afferent  nerve-tracts  and  the  lower  ganglia.  All  such  language  ex- 
presses, correctly  enough  for  popular  usage,  the  undoubted  fact 
that,  in  the  complicated  relations  of  position  and  motion  which  are 
maintained  among  the  different  members  of  the  nervous  system,  a 
certain  order  of  action  is  constantly  preserved.  Changes  originate 
in  one  part,  and  are  propagated  to  other  contiguous  or  more  distant 
parts.  In  such  propagation  of  the  changes  a  regular  tract  of  the 
advancing  motions  is  assumed  always  to  exist ;  and  thus  the  parts 
that  lie  between  the  extremes  may  be  looked  upon  as  means  or 
media — as  instrumental  to  the  completion  of  the  process.  For  ex- 
ample, in  quick  succession  upon  a  certain  idea  of  motion,  and  a  vo- 
lition to  a  definite  motion,  my  arm  is  raised  or  my  whole  body 
changes  its  position  in  space.  How  can  this  come  about  ?  To  the 
inexperienced  person  the  result  seems  to  be  an  "  immediate  "  ef- 
fect of  the  will — that  is,  no  apparent  media  or  instruments  stand 
between  the  volition  and  the  subsequent  changes  in  the  relations  of 
the  masses  of  the  body  to  other  objects. 

The  vulgar  persuasion  undoubtedly  is,  that  a  man  immediately 
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knows  himself  to  be  the  cause  of  the  movement  of  his  own  arms  or 
legs  ;  that  he  knows  that  ?ie  can  move  them  if  he  vrilL    Little  in- 
vestigation, however,  is  needed  to  discover  that  such  is  in  no  respect 
the  state  of  the  case.     A  thousand  hidden  links,  any  one  of  ^eh 
might  drop  out  without  our  being  immediately  aware  of  it,  inter- 
vene between  the  volition  and  the  actual  motion.     No  one  directlj 
knows  that  one  can  move  as  one  vnll ;  one  knows  that  one  can  ynSi, 
and  infers  that,  if  one  will,  the  movement  will  follow.     In  tracing 
the  line  of  physical  sequences  backward  from  the  motion  of  the 
limb  toward  the  arising  of  the  volition  in  consciousness,  we  bring 
it  to  a  termination  in  a  hypothetical  nerve-commotion  in  some  (so- 
called  "motor")  area  of  the  brain.     At  this  point  the  line  of 
sequences,  considered  as  a  succession  of  modes  of  motion,  draw- 
ing constantly  nearer  to  the  instant  of  the  volition,  comes  to  an 
end.     The  connection  beyond  and  into  that  state  of  consciousness 
which  is  called  a  *'  volition "  cannot  be  conceived  of  as  the  pro- 
gressive propagation  of  a  peculiar  molecidar  motion  called  nerve- 
commotion. 

§  9.  It  is  obvious  from  the  foregoing  remarks  that  one  part  of 
the  nervous  mechanism  can  be  said  to  be  the  "  organ  **  or  instru- 
ment of  another  part,  in  a  meaning  of  the  word  which  cannot  prop- 
erly apply  to  the  relation  of  the  brain  and  the  mind.  In  a  certain 
justifiable  meaning  of  the  word,  all  the  rest  of  the  body  may  be 
said  to  be  the  organ  of  the  brain.  That  is  to  say,  those  changes  in 
the  molecules  of  the  brain's  substance  which  arise  there — whether 
because  of  certain  ideas  and  volitions  of  the  mind,  or  because  of 
changes  in  the  character  of  the  blood-supply,  or  of  sensory  impulses 
thrown  in  from  the  periphery  or  other  lower  nervous  centres — get 
themselves  expressed  through  the  other  members  of  the  body.  All 
this  system  of  instrumentalities  or  interdependent  organs  is  of  one 
nature.  It  consists  of  material  particles  having  a  definite  chemical 
constitution,  structure,  and  arrangement  in  space ;  its  functions  are 
all  modes  of  motion  of  such  particles.  One  part  serves  as  an  instru- 
ment or  "  organ  "  for  another,  because  the  changes  in  the  former 
effect  changes  elsewhere,  not  directly,  but  through  contiguous  and 
connected  parts.  If  the  necessary  contiguous  parts  are  wanting 
or  their  relations  disarranged,  if  the  connection  is  interrupted  or 
destroyed,  then  the  work  cannot  be  done ;  the  "  organ,"  "  instru- 
ment," or  **  means,"  is  lacking. 

What  is  true  of  the  relations  described  by  the  word  "  organ," 
as  these  relations  exist  between  any  two  parts  of  the  nervous 
mechanism,  is  only  partially  true  of  the  relations  which  exist  be- 
tween any  poi'ticular  portion  of  this  mechanism  and  the  phenom- 
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ena  of  consciousness.  In  other  words,  only  a  part  of  the  real  rela- 
tions existing  between  mind  and  brain  can  properly  be  described 
under  such  terms  as  "organ,"  "instrument,"  etc.  The  brain, 
vnih  its  appropriate  functions,  is  an  indispensable  medium  between 
certain  changes  in  the  peripheral  parts  of  the  body  and  correspond- 
ing changes  in  the  states  of  consciousness.  If  ideas  of  motion  and 
-volitions  to  move  are  to  be  followed  by  actual  motions  correspond- 
ing to  the  ideas  and  volitions,  then  the  brain  must  act  with  its  ap- 
propriate functions  The  motions  can  be  executed,  if  at  all,  only 
through  the  brain.  As  much  as  this  is  true  of  all  the  efferent  tracts 
which  lead  from  the  cerebral  cortex  through  thu  lower  portions  of 
the  encephalon,  along  the  spinal  cord,  and  out  to  the  particular 
groups  of  muscle&  Something  more  and  special  is,  however,  true 
of  the  brain.  It  is  the  first  of  the  indispensable  physical  links  in 
the  whole  chain  ;  it  stands  nearest,  as  it  were,  to  the  mind.  All 
the  other  steps  in  the  execution  of  the  ideas  and  volitions  of  the 
mind  depend  upon  what  takes  place  in  the  brain.  If  nothing 
takes  place  here,  nothing  at  the  periphery  of  the  body  will  come 
from  the  volitions  ;  if  anything  wrong  takes  place  here,  all  that 
goes  on  at  the  periphery  will  be  wrong,  and  the  mind  will  not  get 
its  Tolitions  executed.  In  this  sense,  at  least,  the  brain  is  the  par- 
ticular organ  of  the  mind  ;  it  is  the  most  intimate  and  indispen- 
sable means  for  the  execution  of  all  its  ideas  or  volitions  of  motion. 

It  does  not  appear  that  the  foregoing  statement  by  any  means 
exhausts  the  description  of  the  experience,  reflection  upon  which 
induces  us  to  regard  the  brain  as  the  "  organ  "  of  the  mind.  For 
the  brain  seems  to  serve  as  the  special  physical  basis  of  the  ideas 
and  volitions  of  motion  themselves.  After  experience  in  moving 
a  particular  member  of  the  body  has  once  been  gained,  that  mem- 
ber may  be  lost ;  and  yet  if  the  proper  areas  of  the  brain  remain 
unimpaired,  the  ideas,  feelings,  and  volitions  connected  with  the 
movement  of  the  lost  member  will  still  arise  in  the  mind.  The  man 
whose  leg  or  arm  has  been  amputated  can  still  feel  it,  can  form  the 
image  of  how  it  should  be  moved  to  be  in  this  position  or  in  that, 
and  even  will  to  have  it  moved.  The  leg  is  not,  then,  the  organ  of 
these  ideas,  feelings,  and  volitions. 

Experiments  with  animals,  by  extirpating  the  cortical  areas,  and 
observation  of  human  pathological  cases — especially,  perhaps,  in 
certain  forms  of  aphasia  (comp.  Part  IL,  chaps.  I.  and  IL) — seem 
clearly  to  show  that  a  much  more  intimate  relation  exists  between 
the  brain  and  the  mind.  With  the  destruction  or  derangement  of 
certain  of  its  areas,  the  power  even  to  form  such  ideas  and  volitions, 
or  to  have  such  feelings,  seems  to  be  impaired  or  lost.     We  cannot 
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Bay,  to  be  sure,  that  the  mind  has  lost  a  part  of  its  general  faculty 
to  conceive,  to  feel,  and  to  wilL  It  has,  however,  suffered  in  respect 
to  its  power  to  frame  a  certain  set  of  definite  ideas  and  volitions  as 
respects  the  motion  of  the  peripheral  members.  This  class  of  facts 
is  certainly  calculated  to  emphasize  strongly  our  conception  of  the 
brain  as  being,  in  a  special  sense,  the  indi^>en8able  means  through 
which  the  states  of  consciousness  are  related  to  changes  in  the 
position  of  molecules  and  masses  of  matter.  Thus  much,  then,  we 
are  also  entitled  to  include  in  our  declaration  that  the  brain  is  the 
"  organ  "  of  the  mind. 

There  is  another  most  important  class  of  facts  which  may  be  par- 
tiaUy  described  under  the  same  terms  as  the  foregoing.  The  brain 
is  the  indispensable  means  for  furnishing  the  mind  with  its  sensa- 
tions, and  so  with  its  presentations  of  sense  or  perceptions  of  thioga 
This  statement  is  not  to  be  understood  as  though  the  brain  could, 
of  itself,  construct  the  sensations  and  perceptions  and  hand  them 
over  ready-made,  as  it  were,  to  the  mind.  Sensations  are  states  of 
consciousness,  not  modes  of  the  brain  ;  and  even  when  they  are 
synthetically  united,  localized,  and  projected  to  the  periphery  of 
the  bod}*,  or  into  surrounding  space,  they  are  brought  under  no 
essentially  new  relations  to  the  nervous  mechanism.  Sensations 
are  not  nerve-commotions,  "  etherealized  "  by  the  optic  thalami  and 
cerebral  convolutions,  and  then  handed  over  to  consciou8ne8& 
Therefore  the  instrumental  relation  between  brain  and  mind  is 
not  that  of  transmitting  a  peculiar  kind  of  motion  from  one  phase 
into  another,  or  from  one  being  to  another.  The  brain  is  not  the 
"  organ  "  of  the  mind  in  the  sense  in  which  a  being  that  starts  or 
receives  some  mode  of  motion  becomes  instrumental  for  the  pro- 
duction of  changes  in  another  being.  Nevertheless,  no  sensations 
will  arise  in  the  mind  unless  the  brain  be  affected  in  a  certain  way. 
Looking  at  the  chain  of  sequences  as  it  runs  from  without  inward, 
we  might  say  :  The  brain  is  the  organ,  or  instrument,  through 
which  the  stimuli  of  the  outside  world,  acting  on  the  end-organs  of 
sense,  finally  reach  the  mind. 

What  is  properly  meant  by  speaking  of  the  brain  as  the  mind's 
organ  of  sensation  is,  strictly  speaking,  to  be  described  as  follows : 
The  brain  is  the  last  and  most  important  physical  antecedent  to  the 
mind's  being  affected  with  the  different  sensationa  The  eye,  ear, 
nose,  etc.,  are  popularly  called  organs  of  sense.  Nothing  is  more 
obvious  about  the  whole  process  of  sensation  than  the  part  played 
in  it  by  the  peripheral  sensory  organs.  It  is  apparently  through 
these,  by  means  of  these,  only  on  condition  of  the  acting  of  these, 
that  sensations  arise  in  the  mind.     Further  examination  showsy 
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however,  that  the  end-organs  of  sense  are  more  remotely  connected 
-with  the  origin  of  sensations  than  might  at  first  be  supposed. 
Sxcitement  of  the  afferent  nerve-tracts  between  the  end-organs 
and  the  brain  will  also  produce  sensations.  If  these  sensations  are 
not  so  refined  and  complex  as  those  which  are  caused  bv  stimu- 
lating the  end-organs  themselves,  the  reason  is  to  be  found  in  the 
fact  that  we  cannot  stimulate  the  afferent  nerves  in  the  way  to  pro- 
duce such  sensations  except  through  the  appropriate  end-organs. 
Still  further  examination  shows  that  the  value  of  the  stimulus  ap- 
plied to  the  afferent  nerves  for  the  production  of  sensation  is  en- 
tu'ely  dependent  upon  what  the  conducting  organs  convey  to  the 
brain,  according  to  their  specific  nature  and  appropriate  connections. 
Sensations  can  be  equally  well  produced  by  stimulating  the  cerebral 
substance  directly.  When  drugs,  or  gases,  or  diseases,  or  increased 
action  of  the  blood-vessels  change  the  character  of  the  blood-supply, 
we  see,  and  hear,  and  feel  a  world  of  things  that  has  no  existence 
for  the  end-organs  of  sense.  The  brain  is  then  the  '*  organ  "  of 
sensation  for  the  mind,  in  the  sense  of  being  the  indispensable  and 
most  immediate  means  for  the  production  of  sensation. 

Nothing  that  has  just  been  said  interferes  in  the  least  with  the 
Tolid  claim  for  the  mind,  that  it  alone  is  the  producer  of  every  sen- 
sation ;  or,  in  other  words,  all  sensations  are  modes  of  the  behav- 
ior of  a  being  that  is  non-material  and  a  unit-being,  and  is  called 
Bilind.  When  the  physical  conditions  are  fulfilled  in  the  brain,  and 
according  to  the  way  in  which  they  are  fulfilled,  the  mind  itself 
puts  forth  the  phenomena  of  sensation.  For  the  sensations  are 
not  copies  of  outside  material  molecules,  whether  acting  on  the 
end-organs  of  sense  or  acting  as  excited  nervous  substance  in  the 
brain  ;  it  can  scarcely  be  repeated  too  often — they,  are  modes  of 
the  conscious  activity  of  mind. 

§  10.  Still  another  class  of  attempts  to  generalize,  and  embody 
in  a  single  term,  the  various  essential  relations  of  the  brain  to  the 
mind  leads  to  the  inquiry  after  some  one  special  '*  connection  "  or 
"  bond  "  between  the  two.  How  are  mind  and  brain  connected  ? 
What  real  tie  binds  them,  so  that  they  are  obliged  to  have  re- 
gard to  each  other  in  the  modes  of  their  behavior?  Here,  again, 
any  too  literal  answer  to  this  inquiry  leads  at  once  to  manifest 
absurdity.  A  material  bond  designed  to  unite  mind  and  brain 
might  perhaps  be  conceived  of  as  connected  with  the  latter,  and 
jet  as  remaining  material ;  but  in  order  to  make  it  connect  with 
the  former  (the  mind)  it  would  have  to  become  non-material,  un- 
less we  are  ready  to  concede  that  the  material  and  the  non-material 
can  stand  connected  without  some  special  bond.     In  case  this  con- 
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cession  is  ODce  made,  however,  vre  cease  to  feel  the  need  of  a 
special  bond  between  the  mind  and  the  brain. 

If  it  be  at  once  admitted  that  no  connection  is  to  be  sought,  or 
can  be  found,  between  the  mind  and  the  brain,  beyond  the  fact  that 
their  modes  of  behavior  are  mutuaUj  dependent,  it  will  not  be 
necessary  to  appeal  to  any  special  mystery.     What  bond  connects 
together  the  planets  of  the  solar  system  so  that  each  one  moYes  in- 
variably with  reference  to  the  position  of  all  the' others,  and  jet 
in  a  path  peculiarly  its  own  ?    We  can  only  respond  by  talking  of 
the  force  and  laws  of  gravitation.     These  ''laws,"  however,  are 
simply  a  mathematical  statement  of  the  uniform  modes  of  the  be- 
havior of  certain  physical  beings;  this  "force"  is  no  entity  or 
bond  connecting  the  individuals  with  each  other,  as  the  rods  of 
the  orrery  bind  its  parts  to  a  common  centre.     Did  such  rods 
exist  to  bind  the  planets  to  the  sun,  we  should  still  have  to  inquire 
for  some  bond  between  the  particles  of  the  rods  ;  and  for  another 
bond  to  unite  the  atoms  into  these  particle&     Nor  would  it  be  an 
answer  to  such  inquiry  to  discourse  of  cohesion  and  of  chemical 
affinity,  or  of  the  laws  which  control  the  action  of  those  forces. 
For  cohesion  and  chemical  affinity  are  not  special  bonds ;  they, 
too,  are  but  expressions  for  the  facts  that  the  elements  of  material 
reality,  under  certain  conditions  and  according  to  the  kind  to 
which  they  belong,  behave  as  though  bound  ;  these  elements  be- 
have, that  is  to  say,  according  to  what  they  are,  and  according  to 
the  relations  in  which  they  stand  to  each  other. 

No  more  obscure  and  unsatisfactory  is  our  knowledge  concern- 
ing the  "bond"  which  unites  body  and  soul,  or,  more  especially, 
the  mind  and  the  brain.  The  brain  is  a  vast  collection  of  material 
molecules,  connected  together  in  a  gi*eat  variety  of  ways,  which 
always  act,  as  it  were,  with  their  own  chemical  constitution,  and 
relations  to  other  similarly  constituted  bodies,  fully  in  mind. 
Even  the  molecules  are  not  bound  to  each  other  by  any  one  dis- 
coverable or  conceivable  bond.  So  far  as  we  can  speak  of  them  as 
"  connected  "  at  all,  they  are  connected  by  a  great  variety  of  bonda 
Each  of  these  bonds  depends  upon  the  nature  of  the  molecules 
which  enter  into  it,  and  upon  the  manner  in  which  each  molecule 
is  related  to  other  molecules.  Essentially  the  same  thing  is  true 
— and  perhaps  with  no  more  of  ultimate  mystery  in  its  truthful- 
ness— of  the  connection  between  mind  and  brain.  The  mind  is  a 
conscious  being,  a  being  that  perceives,  feels,  remembers,  imagines, 
thinks,  and  wills.  In  respect  to  certain  classes  of  its  activities,  at 
least,  what  it  does  depends  upon  what  is  done  by  the  molecules  of 
the  brain  with  which  it  is,  as  we  say,  specially  connected.    The  con- 
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necidon  is  not,  howeyer,  such  as  can  be  explained  by  assuming 
one  special  form  of  a  "  bond  "  between  the  two.  An  infinite  variety 
of  relations^  some  of  which  are  in  a  measure  reducible  under  law, 
and  others  of  which  elude  all  attempts  thus  to  subject  them,  exists 
between  the  unit-being  called  mind,  and  the  composite  structure 
and  varied  functions  of  the  brain.  The  connection  is  no  less  real, 
however,  because  invisible ;  no  less  valuable  and  certain,  because 
not  one  bond,  l>ut  an  infinite  variety  of  relations. 

§  11.  It  will  scarcely  be  supposed  that  information  of  scientific 
value  concerning  the  nature  of  the  real  connection  between  the 
body  and  the  soul  can  be  obtained  from  terms  which  are  almost 
purely  figurative  and  poetic.  The  limited  and  defective  nature  of 
our  sense-perceptions,  the  misery  of  much  of  life,  the  unrealized 
longings  for  knowledge  and  happiness,  and  the  work  of  imagina- 
tion in  framing  a  picture  of  some  state  of  existence  in  which  the 
limitations  are  removed  and  the  longings  realized,  have  led  men  in 
all  ages  to  regard  the  body  as  the  "  prison  "  of  the  soul.  Because 
the  senses  are  not  more  in  number  than  t]iey  really  are,  or  more 
far-reaching  and  accurate  than  their  construction  permits  them  to 
be,  they  are  regarded  as  restraining  the  soul,  rather  than  as  bringing 
it  information  which  has  the  chm^cter  of  satisfying  reality.  The 
brevity  and  uncertainty  of  life,  and  the  speed  with  which  accident 
and  disease  impair  or  dissolve  the  bodily  functions,  together  with 
the  persuasion  that  the  thinking  principle  will  have  a  continued 
existence,  suggest  the  reflection  :  the  body  is  the  *'  tenement "  or 
"  tabernacle  "  of  the  soul. 

However  true  and  comforting  the  foregoing  hopes  and  reflec- 
tions may  be,  it  cannot  be  claimed  that  they  throw  any  clear  light 
on  the  subject  of  our  investigation.  Physiological  Psychology 
rests  upon  such  facts  as  show  a  most  intimate  and  unceasing  cor- 
relation between  the  body  and  the  souL  It  can  never,  therefore, 
consider  the  ultimate  connection  of  the  two  as  though  it  were  as 
unimportant  and  superficial  as  that  between  the  prisoner  and  the 
prison  which  holds  him,  or  between  the  tenant  and  the  tenement  or 
tent  which  for  the  time  being  is  his  abode.  We  are  not  at  present 
engaged  in  considering  the  evidence  that  the  mind  is  immortal, 
and  can  exist  apart  from  this  body  and  in  another  body,  if  not 
apart  from  all  bodies  ;  nor  even  the  proof  that  its  nature  is  vastly 
superior  to  that  of  all  the  material  structures  to  which  it  might  be- 
come related.  We  are  rather  testing  the  assumption  that  the  mind, 
as  connected  with  the  brain,  is  a  real  being  which,  although  depend- 
ent upon  what  occurs  in  the  brain  for  its  character  and  the  order 
of  its  activities^  has  nevertheless  that  existence  which  belongs  to 
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all  real  beings — a  nature  and  a  development  of  its  own.  This  as- 
sumption, indeed,  is  applied  and  confirmed  in  eyeiy  attempt  to 
characterize  the  real  connection  which  exists  between  the  mind 
and  the  brain — whether  the  words  "  seat»"  "  organ,"  "  instroment^'* 
or  other  corresponding  words  be  used. 

§  12.  Thus  fur  little  has  been  explicitly  said  as  to  the  propriety 
of  applying  the  terms  of  "  causation  "  (such  as  "  energy,"  "  action," 
"force/*  "impulse,"  "eflfective  agency,"  etc.)  to  the  case  of  mind 
and  brain.  Yet  everything  which  has  been  said  has  implied  that 
these  terms  are  really  applicable.  There  would  be  no  advantage  to 
the  mind  in  being  "  seated  "  in  the  brain — that  is,  in  being  under 
any  special  relations  to  a  given  extent  of  nervous  matter — unless  it 
were  somehow  influenced  or  acted  upon  by  this  nervous  matter,  and 
eould  in  turn  influence  and  act  upon  it  No  "  organ  "  or  instm- 
ment  is  of  any  iise  whatever — that  is,  no  thing  can  become  an  organ 
or  instrument — unless  it  can  be  acted  upon  by  that  which  employs 
it  as  an  organ,  and  can  in  its  turn  act  upon  other  things.  Action 
of  mind  on  brain  is  implied  in  calling  the  latter  the  organ  of  the 
mind's  volitions ;  action  of  brain  on  mind  is  implied  in  calling  it 
the  organ  of  the  mind's  sensationa  To  act  and  to  be  acted  upon 
is  equivalent  to  standing  in  the  relation  of  cause  and  effect 

It  is  not  at  present  necessary  to  point  out  in  detail  how  much  of 
obscurity  and  contradiction  are  involved  in  all  the  more  popular 
ways  of  mentally  representing  the  foregoing  relation.  The  trans- 
mission of  energy  (or  force)  is  popularly  spoken  of  as  though  such 
energy  streamed  off  from  one  body  and  attached  itself  to  another ; 
and  as  though  the  quantity  of  energy  thus  given  off  were  dependent 
upon  the  strength  of  the  blow  given  by  one  body  to  another.  Let  it 
be  supposed,  however,  that  the  application  of  the  law  of  causation  to 
the  case  of  brain  and  mind  is  made  in  the  most  approved  manner. 
It  is  simple  matter  of  fact,  as  tested  by  thousands  of  observations 
and  experiments,  that  changes  in  the  condition  and  functional  ac- 
tivity of  the  nervous  centres  are  followed  by  changes  in  states  of 
consciousness,  in  a  regular  way  ;  and  that,  conversely,  changes  of 
the  latter  sort  are  followed  by  changes  in  the  relations  of  the 
masses  of  the  body,  and  of  the  functional  activity  of  nervous  cen- 
tres and  end-organs  of  sense.  Now,  unless  we  are  ready  to  be 
satisfied  with  simply  stating  the  facts,  without  making  the  at* 
tempt  to  find  any  rational  account  for  them,  we  are  obliged  to  con- 
sider these  correlated  changes  under  the  terms  of  cause  and  effect 
That  is  to  say,  we  regard  the  mind  as  a  real  being  vrith  activities 
called  states  of  consciousness,  and  the  brain  as  a  collection  of  real 
beings  called  moving  molecules  of  nervous  matter,  and  we  as- 
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sume  that  the  latter  acts  upon  the  former  and  is  acted  upon  by  it 
in  turn.  In  other  words,  brain  and  mind  are  conceived  of  as  really 
connected  under  the  law  of  causation. 

Were  it  not  for  the  influence  of  prejudice  derived  from  specula- 
tion upon  certain  philosophical,  ethical,  and  religious  questions,  no 
one  would  think  of  hesitating  to  apply  the  terms  of  causation  to 
the  case  of  mind  and  brain.  The  stoppage  of  the  arteries  leading 
to  the  cerebrum,  by  outside  pressure  or  by  embolism,  is  speedily 
and  regularly  followed  by  a  disturbance  or  cessation  of  conscious- 
nes&  Who  doubts  that  a  man  loses  his  senses  as  truly  as  he  loses 
a  }x>rtion  of  his  brain-mass,  because  he  has  been  struck  a  blow  upon 
the  head  ?  The  falling  of  waves  of  light  or  sound  upon  the  eye  or 
ear,  the  contact  of  the  hand  with  the  hard  substance  of  the  metal 
or  wood,  the  breathing  of  the  air  into  the  nostrils,  are  universally 
regarded  as  the  causes  of  the  sensations  and  perceptions  which 
follow.  The  general  impression  undoubtedly  is,  that  the  act  of 
will  is  the  cause  of  the  motion  of  the  different  limbs  or  of  the  en- 
tire body.  In  each  of  these  cases  more  careful  observation  results 
in  supplying  many  links  in  the  chain  of  causation  which  the  popu- 
lar account  has  overlooked.  The  result  is  a  more  minute  and 
careful  picture  of  those  molecular  changes  which  take  place  in  the 
cerebral  substance,  as  induced  by  the  severe  shock  of  the  blow  or 
by  the  gentle  stir  of  the  stimulus  acting  through  the  end-organs  of 
sense.  Science  explains  the  way  in  which  the  visible  changes  in 
the  position  of  the  ponderous  masses  of  the  body  are  due  to  ante- 
cedent invisible  changes  in  the  molecules  of  the  muscles,  of  the 
efferent  nerves,  and  of  the  lower  and  the  supreme  nervous  centres. 
But  all  this  explanation  impUes  the  application  of  terms  of  causation 
to  the  entire  chain  of  physical  events  ;  and  if  these  events  are  to  be 
considered  as  in  any  measure  explaining  the  psychical  events  with 
which  they  are  connected  in  time,  the  relation  of  the  two  classes  of 
events  is  also  assumed  to  be  one  capable  of  statement  in  the  same 
terms. 

How  impossible  it  is  to  avoid  speaking  of  the  connection  of  mind 
and  brain,  in  terms  of  causation,  may  be  illustrated  by  the  relations 
between  the  condition  of  the  intercranial  blood  supply  and  the 
states  of  consciousness.  The  character  of  the  cerebral  circulation 
is  said  to  have  a  great  **  influence  "  upon  the  condition  of  the  mind. 
A  slight  increase  of  this  circulation,  resulting  from  a  small  quantity 
of  alcohol  or  other  drugs,  or  from  the  hearing  of  interesting  news, 
produces  an  increased  speed  in  the  mental  train.  Keaction-time  is 
found  to  vary  with  changes  in  the  circulation.  In  the  delirium  of 
fever  the  wild  and  quickly  moving  condition  of  the  thoughts,  fan- 
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md  aensKCioniia  i  Tii  ii  1  i  i  [iii  wiiai  iif  llm  timl  oCiPG^vliidi 
xa  gaizu;  oil  becuue  of  die  aceeificafead  iMart-beai  ami  tike  dnor- 
dacd  I'harafftyr  of  die  biood.  witiiiiL  die  eefefarai  aileiiim.  Sdnoe- 
dtf  ^an  >ier  Eolk  ceHa  of  a  periwit  wifco^  wiwai  hia  polee  was  reduced 
bj  .iigfraiiH  :o  oO  or  ^  beafia  per  mnmifrj  was  aaental^  qwfei  and 
depreaaeii  :  when  x£  was  allowed  tt>  ziae  agam  to  90  brata,  hw 
mind  was  in  maniaral  confoaian.  Cox  r*mint  the  case  of  a  nd[ 
man  who,  ac  iO  pnlwatinim  in  die  miimte,  was  **  half-dead  ; "  at  50, 
melancholic :  it  T0«  qoice  '*  besde  hFiianIf ;''  at  90^  racing  mad. 
The  chazacter  of  dzeama  la  detemuiicdy  to  a  riwiaiiV ■  abh  exieoti 
hj  the  poaiiion  of  die  head  and  the  wmj  in  wldeh  this  poaitkni 
atfbcta  the  cranial  cizcnlation.  TfallnHnadnna  not  infreqaendj  are 
immediatel J  made  to  eeaae,  when  the  peracm  haring  them  aaaiuiies 
the  aianiifng^  poetore,  or  haa  kcchca  appGed  to  the  head. 

§  13.  Olijeetiona  ha^e  ariaoi  fromiarioas  aoorceSk  and  baTebeen 
xir;r^  with  yarioos  degrees  of  skill  and  intenaitT,  against  aj^jing 
the  conception  of  eanaation  to  the  relations  of  mind  and  bndn.  So 
far  as  these  objections  are  more  pozelj  ethical  or  religions^  it  is  not 
consistent  with  the  purpose  of  the  {seaent  inTestigation  to  consider 
them.  Bat  certain  objections  are  more  pnrelj  scientific;  or  per- 
haps philosophical,  npon  a  basis  oi  obaerred  physical  and  psycho- 
logical £icta.  A  brief  eTaminatiop  of  soch  objections  is  not  only 
consistent  with  the  present  inTestigation,  bat  CTen  required  by  it 

Among  tLe  followers  of  the  Cartesian  philosophy  it  was  held 
that  body  an*l  soul  cannot  really  act  upon  each  other,  because  of 
the  obvious  difference  in  the  essential  characteristics  of  the  twa 
The  body  i.s  extended  and  material ;  the  soul,  being  non-material, 
does  not  possess  the  characteristic  most  distinctiye  of  all  that 
comes  under  the  conception  of  matter.  Matter  and  mind,  as  being 
in  their  very  essence  opposed,  are  separated  from  each  other  by  the 
whole  diameter  of  being.  They  cannot  be  regarded  as  united  directly 
through  any  real  tie,  but  stand  at  the  mutually  exclusive  poles  of 
}H;u)g.  Tljat  a  certain  marked  correspondence  exists  between  the 
phenomena  of  the  extended  and  material  body  and  the  phenomena 
of  the  conscious  non-material  soul  plainly  cannot  be  denied  ;  and 
W)ine  account  for  this  correspondence  must  be  given.  No  one  can 
doubt  that  his  sensations,  in  their  quality  and  order  of  succession, 
are  related  to  certain  events  in  the  physical  organs  of  his  own 
iKKly  ;  ludther  is  it  easy  to  persuade  one's  self  that  one's  move- 
ments  arc  not,  at  least  in  some  indirect  way,  **  ordered  "  by  one's 
desires  and  volitions  respecting  them. 

To  account  for  the  obvious  regular  relation  between  bodily 
changes  and  mental  phenomena,  two  or  three  somewhat  different 
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tbeories  may  be  proposed.  One  of  these  is  the  so-called  doctrine 
of  '*  Occasionalism."  According  to  this  doctrine  body  and  mind 
do  not  stand  in  the  relation  of  cause  and  effect  toward  each  other  ; 
neither  one  ever  really  acts  upon  the  other.  But  on  occasion  of 
some  event  of  a  definite  kind  happening  in  the  bodily  realm,  a 
corresponding  event  of  its  own  definite  kind  happens  in  the  domain 
of  consciousness  ;  and  trice  versa.  To  say  this,  however,  is  plainly 
in  itself  nothing  more  than  to  repeat  the  facts  of  experience  over 
again,  but  without  offering  any  explanation  of  them.  Since  some 
real  "  ground  "  or  reason  that  shall  have  causal  efficiency  seems 
needed  in  order  to  explain  why  body  and  mind  should  take  ''occa- 
sion **  to  act  at  all,  in  view  of  each  other's  action,  theology  readily 
finds  such  ground  in  the  Divine  Being.  Ood,  it  is  said,  on  occasion 
of  an  event  occurring  in  either  of  the  two  diametrically  opposed 
spheres,  causes  the  right  corresponding  event  to  occur  in  the  other 
sphere.  Matter  and  mind  are  not  causally  connected  immediately 
with  each  other ;  they  are  causally  connected  only  through  a  com- 
mon ground  in  God.  Pure  Occasionalism,  however,  seems  to 
make  too  large  demands  upon  a  pious  credulity.  To  be  always 
observing  mere  '*  occasions,"  in  order  to  cause  body  and  mind  to 
keep  the  right  pace  with  each  other,  may  well  be  regarded  as  un- 
worthy of  Divine  Being.  To  meet  this  difficulty  the  theory  of 
''  Pre-established  Harmony  "  is  devised.  According  to  this  theory 
Ood  has  eternally  predestined  the  entire  succession  of  events  in 
the  world,  down  to  every  minutest  detail  Body  and  mind,  there- 
fore, may  be  regarded  as  like  two  clocks  which  have  been  so  con- 
structed that,  without  either  having  any  effect  upon  the  other,  they 
go  on  exactly  as  though  one  were  actually  moved  by  the  other. 

It  would  scarcely  be  worth  while  to  consider  seriously  these 
older  forms  of  the  denial  that  any  real  causal  relation  exists  be- 
tween body  and  mind,  were  it  not  for  the  fact  of  their  essential 
ligreement  with  more  modem  forms  of  the  same  denial.  Two  re- 
marks upon  the  foregoing  theories,  in  special,  are  necessary.  The 
assumption  that  matter  and  mind  are  separated  from  each  other 
"by  the  whole  diameter  of  being,"  if  it  be  held  to  mean  that 
the  two  forms  of  being  are  so  disparate  in  nature  as  to  be  unable 
to  act  on  each  other,  is  an  imverifiable  assumption.  It  even  goes 
squarely  in  the  face  of  many  of  the  most  important  psycho-physical 
facts.  We  know  nothing  about  what  kind  of  beings  can  or  can- 
not act  on  each  other,  except  through  our  experience  of  what 
beings  do  actually  act  upon  each  other.  The  mystery  involved  in 
any  one  being  acting  on  any  other  is  equally  deep  and  unfathom- 
able, in  whatever  direction  we  attempt  to  explore  it     Before  ex- 
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perience  with  the  facta,  we  should  be  quite  at  a  loes  to  tell  whether 
atoms  of  oxygen  could  act  on  atoms  of  hydrogen,  under  the  laws 
of  chemical  affinity,  or  not ;  whether  molecules  of  iron  could  act 
on  other  molecules  of  iron,  under  the  laws  of  cohesion,  or  not, 
eta  How  it  is  that  material  misses  or  molecules  can  *' influence* 
each  other,  or  what  is  the  real  nature  of  the  force  which  binds 
them  together,  physical  science  is  quite  unable  to  say.  So  tha^ 
CTen  if  w^e  were  entitled  to  regard  matter  as  somewhat,  the  Teiy 
essence  of  which  it  is  to  be  spread  out,  and  mind  as  somewhat, 
the  very  essence  of  which  it  is  to  be  conscious  and  not  to  be  spresd 
out,  we  should  still  be  quite  without  justification  in  asserting  (s 
priori^  as  it  were)  that  one  cannot  act  upon  the  other.  But — just 
the  contrary — if  wo  are  to  accept,  unbiased,  the  obvious  witness  of 
the  facts,  we  are  compelled  to  affirm :  The  phenomena  of  mind 
and  the  conditions  of  the  brain  are  related  so  constantly  and  im- 
mediately under  law,  that  we  are  warranted  in  beUeving  in  the 
action  of  each  upon  the  other. 

Moreover,  the  theory  of  Occasionalism,  Pre-established  Har- 
mony, and  all  similar  theories,  do  not  in  the  least  assist  us  to  es- 
cape the  difficulties  which  attach  themselves  to  every  conception 
of  causation.  We  cannot  regard  the  Divine  Being  as  bringiog 
about  a  change  in  either  mind  or  body,  on  "  occasion  **  of  some 
other  change,  without  assuming  that  mind  (the  Infinite  Mind) 
stands  in  tbc  causal  rdation  to  matter.  Furthermore,  we  cannot 
conceive  of  a  '*  reason  '*  why  this  Being  should  effect  one  change 
rather  than  another,  without  regarding  Him  as  subjecting  himself 
to  the  same  relation. 

§  14.  It  is  interesting  to  notice  certain  relations,  both  of  similar- 
ity and  of  (liffort'uce,  between  a  prominent  modem  theory  as  to  the 
mutual  action  of  mind  and  brain  and  the  now-abandoned  views 
of  Occasionalism  and  Pre-established  Harmony.  Modem  science 
raises  most  of  its  objections,  against  regarding  the  conditions  of  the 
central  nervous  nystem  and  the  states  of  consciousness  as  connected 
by  a  real  causal  tie,  out  of  a  profound  regard  for  matter  and  the 
laws  of  physics.  Tlio  great  value  and  significance  of  physical  phe- 
nomena, and  the  regular  modes  of  their  recurrence,  if  not  the  in- 
dependent and  eternal  existence  of  material  beings,  are  taken  for 
granted  by  this  theory,  whatever  difficulties,  fears,  or  hopes  to  the 
contrary  may  arise  from  the  sphere  of  mind.  Elements  of  ma- 
terial reality  (called  **  atoms ")  are  assumed  to  exist ;  the  univer- 
sal form  of  their  relation  is  held  to  be  the  law  of  the  conservation 
and  correlation  of  energy.  By  "energy"  we  are  to  understand 
that  which  moves  or  tends  to  move  the  elementary  atoms,  or  their 
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aggregationB,  into  molecules  and  masses.  The  energy  which  is  re- 
garded as  causing  actual  motion  is  kinetic  ;  that  which  is  to  be 
regarded  as  tending  to  produce  motion  is  stored  or  potential.  But 
inasmuch  as  we  have  no  test  or  suggestion  of  the  presence  of  en- 
ergy except  motion,  we  seem  compelled  to  consider  the  so-called 
"  tendency  '*  to  move  (potential  energy)  as  motion  that  is  beyond 
the  sphere  of  the  senses,  because  distributed  over  so  vast  a  number 
of  minute  portions  of  matter  whose  amount  of  motion  is  too  small 
to  be  discoverable.  All  physical  elements  and  masses  are,  accord- 
uigly,  always  in  motion,  and  the  total  quantum  of  this  motion  is 
invariable  throughout  the  entire  universe.  All  forms  of  energy 
must  be  classified,  as  respects  quality,  by  the  kind  of  their  motion ; 
and  as  respects  degree,  by  the  amount  of  their  motion. 

On  attempting  to  account  for  the  whole  world  of  phenomena  in 
terms  of  motion,  kinetic  or  potential,  under  the  law  of  the  conser- 
Tation  and  correlation  of  energy,  we  are  met  with  insuperable  diffi- 
culty as  soon  as  we  enter  the  domain  of  consciousnesa  States  of 
consciousness  are  not  modes  of  motion.  If  they  were,  the  general 
theory  of  physics  would  compel  us  at  once  to  attempt  a  strict 
mathematical  correlation  between  physical  and  mental  phenomena. 
Just  as  the  momentum  of  masses  can  be  expressed,  with  a  tolerable 
approximation  to  exactness,  in  terms  of  heat  as  a  mode  of  motion, 
so  would  some  formula  be  conceivable  for  indicating  what  amount 
of  chemical  changes,  or  nerve-commotion,  in  the  matter  of  the 
brain,  is  the  mathematical  equivalent  of  the  conception  of  home,  of 
the  sense  of  obligation,  or  of  the  idea  of  Ood.  In  other  words,  it 
seems  impossible  to  regard  any  amount  of  physical  energy  as  ab- 
stracted from  the  brain,  so  to  speak,  and  expended  or  stored  up  in 
consciousness.  Energy  is  stored  by  the  process  of  nutrition  in  the 
nervous  elements  of  the  brain  ;  it  becomes  kinetic  in  connection 
with  the  phenomena  of  consciousness.  But  between  the  mind, 
whether  regarded  as  merely  the  formal  subject  of  consciousness  or 
as  a  real  unit-being  whose  faculty  or  power  it  is  to  be  conscious, 
and  the  physical  basis  of  mind  in  the  brain,  no  correlation,  no  pass- 
ing back  and  forth  of  energy,  can  occur. 

Bepresenting  the  same  truth  in  another  way,  we  may  declare : 
The  entire  circuit  of  the  transmission  and  distribution  of  energy  is 
complete  within  the  brain  itself.  Not  a  single  atom  enters  its  sub- 
stance that  does  not  come  forth  unchanged,  with  all  its  forces  in- 
herent in  it.  No  atom  is  transferred  from  brain  to  mind,  as  all  the 
atoms  are  transferred  from  the  blood  to  the  nervous  substance  of 
the  brain.  Not  the  most  infinitesimal  amount  of  energy  exists, 
stored  in  the  constitution  of  the  molecules  of  this  substance,  which 
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is  not  either  used  up  there  or  returned  to  external  nature  in  con- 
nection with  the  constitution  of  the  molecules  separated  from  this 
substance.  The  stricter  we  make  our  application  of  the  law  of  the 
correlation  and  conservation  of  energy  within  the  physical  realm, 
the  more  impossible  does  it  become  to  apply  it  at  all  to  the  rela- 
tions of  body  and  mind. 

§  15.  It  is  not  surprising  that,  in  the  estimate  of  one  who  is  un- 
accustomed to  regard  with  favor  any  explanation  of  phenomena 
which  does  not  come  under  the  most  general  law  of  all  physics,  the 
case  of  the  mind  and  the  brain  should  seem  to  demand  the  most 
extraordinary  treatment  In  any  event,  the  facts  of  consciousness, 
08  facts,  cannot  be  denied.  Whether  we  can  explain  them  or  not, 
with  or  without  use  of  the  law  of  the  conservation  and  correlation 
of  energy,  they  are  equally  plain  and  persistent  Men  perceive, 
and  imagine,  and  remember,  and  reason,  and  believe  in  the  invisi- 
ble, and  choose,  etc  All  this  they  do,  as  possessed  of  a  body — 
and,  particularly,  of  a  nervous  mechanism,  the  activities  of  whose 
central  portion  are  related  in  some  special  and  unique  wBy  with 
the  doing  of  all  this.  And  yet  sure,  beyond  doubt— it  is  argued— 
is  the  existence  of  the  atom,  with  its  host  of  inherent  energies ; 
and  supreme  is  the  law  of  the  conservation  and  correlation  of  these 
energies  regarded  as  modifications  of  one  fundamental  form. 

In  view  of  so  grave  difficulties  it  has  been  of  late  customary  to 
escape  from  them  in  one  of  several  different  ways.  The  general 
claiai  may  be  set  up  that  all  hopeful  inquiry  as  to  the  nature  of  real 
beings,  wbicb  act  upon  and  are  acted  upon  by  each  other  under  the 
law  of  causation,  must  be  abandoned.  Knowledge,  it  is  said,  con- 
sists simply  in  the  relating  of  phenomena  under  certain  constant 
and  regular  forms  of  their  recurrence,  called  "laws."  This  is  sub- 
stantially the  position  of  Positivism. 

It  may  also  be  held  that  all  mental  phenomena  are  to  be  re- 
garded as  merely  transitory  appearances — shadows  cast,  as  it  were, 
by  the  changing  activities  of  the  material  molecules ;  and  that  the 
latter  are  the  only  realities.  In  this  case  the  constitution  and  ac- 
tivities of  the  molecules  are  all  to  be  regarded  as  determined  by 
the  interaction  of  the  ultimate  atoms  which  compose  them,  accord- 
ing to  their  inherent  and  inseparable  forces,  under  the  law  of  the 
conservation  and  correlation  of  physical  energy.  Whenever  a  cer- 
tain constitution  and  consequent  modes  of  activity  are  brought 
about  in  the  molecules,  under  this  general  law,  then  it  is  of  their 
own  incomprehensible  nature  to  exhibit,  in  addition  to  the  various 
forms  of  motion  known  as  nerve-commotion,  another  peculiar  class 
of  coexisting  phenomena,  called   mental  phenomena.     The  latter 
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phenomena  do  not  require  a  new  subject ;  their  appearance  is  the 
necessary  result  simply  of  the  special  and  unique  constitution  and 
relations  of  the  physical  molecules  of  the  brain.  The  mental  phe- 
nomena are  one  form  of  expressing  the  fact  of  the  real  existence 
of  these  molecules,  with  such  a  constitution  and  in  such  relation& 
And  just  as  we  do  not  require  a  new  subject  for  the  mysterious 
and  unique  phenomena  of  magnetism,  or  of  crystallization,  but  be- 
lieve them  to  be  only  the  expression  of  the  new  relations  into  which 
the  same  subjects  of  all  phenomena — the  imperishable  atoms — 
have  been  brought  under  the  one  law  of  the  conservation  and  cor- 
relation of  energy ;  just  so  do  we  find  no  particular  need  of  a 
new  kind  of  subject,  other  than  the  aggregated  atoms,  for  the  mys- 
terious and  unique  phenomena  of  consciousness.  This  position  is 
Materialism. 

Still  further,  the  impossibility  of  binding  together  by  a  causal 
tie,  under  the  law  of  the  conservation  and  correlation  of  energy, 
phenomena  so  utterly  incomparable  as  are  those  of  mind  and  brain, 
and  the  difficulty  of  assigning  the  mental  phenomena  to  the  same 
subject  as  that  which,  otherwise,  manifests  itself  only  as  modes  of 
motion  rather  than  modes  of  thought,  have  led  to  more  recondite 
speculation.  Hence  a  return  to  the  *'  mediaeval "  view  has  been 
made.  The  real  connection  of  mind  and  brain  has  been  found  in 
a  third  somewhat,  which  is  neither  mind  nor  brain,  as  we  know 
them,  but  is  the  ground  of  both.  There  is,  then — it  is  claimed — 
only  one  substance  as  the  real  subject  for  the  two  sets  of  proper- 
ties. '*  The  one  substance,  with  two  sets  of  properties,  two  sides, 
the  physical  and  the  mental — a  double-faced  unity — would  appear 
to  comply  with  all  the  exigencies  of  the  case.*'  This  position  may, 
in  general,  be  designated  as  that  of  Monism. 

But  immediately  the  inquiry  arises  and  presses  for  an  answer, 
whether  we  may  not  know  something  as  to  the  real  nature  of  this 
''double-faced  unity,"  besides  the  mere  fact  that,  phenomenally 
considered,  it  has  two  faces,  or  sides — the  physical  and  the  mental. 
Why  does  it  manifest  itself  both  as  physical  motion  and  as  mental 
states — one  Being,  in  two  utterly  incomparable  modes  of  manifes- 
tation? Is  it  itself  extended  and  movable,  a  material  reality?  or 
is  it  unextended  and  conscious,  a  psychical  reality  ?  To  refuse  to 
attempt  the  answer  to  this  question  is  to  take  refuge  in  Agnosti- 
cism— and  that  at  a  critical  point,  to  which  we  have  brought  our- 
selves unnecessarily  through  having  been  already  overwise.  For 
no  one  who  claims  already  to  know  enough  about  the  nature  of  so- 
called  matter  and  of  so-called  mind  to  affirm  confidently  that  they 
cannot  be  two  forms  of  real  being,  acting  on  each  other  and  being 
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acted  upon  by  each  other,  is  entitled,  just  beyond  this  advan 
line  of  knowledge,  to  make  a  run  sideways  into  the  refuge  of  con 
fessed  ignorance.    Furthermore,  if  the  "  double-faced  unity  "  is  hel 
to  be,  in  reality,  either  matter  or  mind,  we  raise  again  all  the  diffi 
culties  as  to  a  real  connection  between  two  sets  of  phenomena 
incomparable.     Both  Materialistic  Monism  and  Idealistic  Mo: 
have,  then,  to  undertake  the  task  of  showing  how  the  one  realit; 
can  appear  under  these  two  phenomenal  forms  of  being — matte 
and  mind — with  its  two  sides  causally  connected. 

§  16.  So  far  as  the  theories,  which  are  proposed  in  order  to 
the  difficulty  of  admitting  a  direct  causal  connection  between  mind. 
and  brain,  involve  the  assumption  that  the  phenomena  of  conscious- 
ness can  be  regarded  as  modes  of  motion,  or  can  be  attributed  to 
the  molecules  of  the  ^rain  as  their  sole  subject^  they  have  already 
been  refuted.  So  far  as  these  theories  resolve  themselves  into  the 
speculations  proposed  by  different  schools  of  philosophy  concerning 
the  supreme  philosophical  inquiry.  What  is  the  nature  of  the  Ulti- 
mate Eeality  (the  Absolute)  ?  psycho-physical  researches  have  no 
direct  answer  to  ofifer  to  them.  But  our  present  inquiry  is  a  more 
modest  one,  namely:  What  is  the  nature  of  the  real  connection 
between  human  mind  and  human  brain,  so  far  as  psycho-physical 
science  throws  any  light  on  such  connection  ?  Our  general  reply 
is :  This  connection  is,  in  reality,  such  as  we  find  between  all  so- 
called  real  beings,  to  whichever  of  the  two  supreme  classes  (material 
or  spiritual)  such  beings  may  belong.  The  molecules  of  ihe  brain 
(so  far,  at  least,  as  psycho-physical  science  knows  anything  of  them) 
are  composed  of  elements  of  material  reality,  called  "atoms ; "  these 
atoms  act  by  way  of  motion,  according  to  their  constitution  and  re- 
lations to  each  other  and  to  their  environment  The  mind,  on  the 
other  hand,  is  a  real  unit-being  of  another  order  than  that  of  the 
atoms.  Its  acts  are  the  various  modes  or  states  of  consciousness. 
This  being  called  mind  is  causally  related  to  the  beings  called 
atoms ;  the  relation  is  mutual.  The  mind  behaves  as  it  does  be- 
have because  of  the  constitution  and  behavior  of  the  molecules  of 
the  brain.  The  molecules  of  the  brain  behave  as  they  do  behave 
because  of  tlio  nature  and  activities  of  the  mind.  Each  acts  in  view 
of  the  other.  The  action  of  each  accounts  for  the  action  of  the 
other.  But  the  action  of  neither  is  to  be  explained  as  solely  due  to 
the  action  of  the  other ;  neither  mind  nor  brain  can  be  regarded  as 
the  subject  for  the  phenomena  ordinarily  ascribed  to  the  other. 

The  position  just  taken  is,  of  course,  the  most  unmistakable 
Dualism.  It  assumes  two  kinds  of  real  beings  for  the  two  incom- 
parable classes  of  phenomena.     Whether  this  position  is  the  ulti- 
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mate  one  attainable  by  hnmau  reason  or  not,  the  facts  of  Physiolog- 
ical Psychology  afford  no  basis  for  speculation.  It  is  possible  that 
acme  higher  point  of  view  might  enable  us  to  resolve  the  Dualism, 
and  to  discover  a  common  ground  for  the  body  and  soul  of  man,  and 
even  for  all  physical  and  spiritual  phenomena.  But  psychophysical 
science,  simply  observing  the  tactB  and  building  upon  them,  and 
upon  such  assumptions  as  it,  in  common  with  all  the  sciences,  is 
compelled  to  make,  establishes  this  Dualism  of  brain  and  mind,  and 
then  hands  the  case  over  to  philosophy  for  further  consideration. 
Moreover,  there  is  nothing  in  any  science,  physical  or  psychological, 
which  offers  a  single  valid  reason  why  both  mind  and  brain  should 
not  be  regarded  as  real  beings,  material  and  spiritual,  mutually  in- 
teracting. This  last  statement  we  shall  now  justify  by  considering, 
briefly,  the  objections  to  it,  which  have  induced  the  resort  to  the 
before-mentioned  other  theoriea 

§  17.  The  law  of  the  conservation  and  correlation  of  energy — as 
tar  as  it  has  been  observed,  or  can  reasonably  be  assumed  to  hold 
good — offers  no  valid  objection  to  the  existence  of  a  real  causal 
connection  between  the  mind  and  the  brain.  The  present  position 
of  this  law  is  that  of  an  empirical  generalization,  found  to  hold  ap- 
proximately true  for  a  large  number  of  classes  of  phenomena,  and 
presumably  true  for  yet  other  classes.  To  exalt  it  to  the  place  of  a 
universal  and  necessary  relation  among  all  phenomena  of  every  class 
— mental  as  well  as  physical — would  be  imwarrantably  to  extend 
its  application.  Even  in  the  sphere  of  physical  events  the  law  is  as 
yet  demonstrably  true  only  to  a  limited  extent  The  various  forms 
of  physical  energy  in  the  inorganic  world  are  as  yet  by  no  means 
all  reducible  to  the  terms  of  this  law.  Gravitation,  on  the  one 
hand,  and  magnetism,  or  chemical  affinity,  or  cohesion,  or  the  forces 
that  act  when  every  crystal  is  formed,  on  the  other  hand,  cannot  be 
as  yet  related  together  so  as  to  be  expressed  in  these  terms.  No 
mathematical  formula,  or  picture  framed  by  the  imagination,  has 
thus  far  bridged  over  the  gap  between  the  molecular  energy  of 
inorganic  and  that  of  organic  structurea  In  discussing  the  phe- 
nomena of  general  nerve-physiology,  it  was  made  obvious  at  every 
turn  that  even  the  behavior  of  the  vital  nerve-muscle  machine 
under  the  influence  of  electrical  or  other  excitation  cannot  be  ac- 
counted for  by  any  conceivable  appUcation  of  the  known  laws  of 
those  forces  that  move  unorganized  particles  of  matter.  Nerve- 
foroe — what  it  is  and  what  it  will  do  ;  what  it  is  as  judged  by  what 
it  will  do — cannot,  at  present,  be  correlated  with  any  of  the  forms 
of  energy  which  act  as  nervous  stimuli  Yet  who  would  for  a 
moment  hesitate  to  say  that  the  action  of  the  electrical  current,  or 
42 
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of  the  irritating  acid,  or  of  mechanioal  impulse  when  applied  to 
the  nerve,  is  a  '*  cause  "  of  the  contraction  of  the  muscle  ? 

The  effort  of  certain  scientific  observers  to  bring  all  causal  rela- 
tion, all  action  of  one  being  on  another,  under  the  law  of  the  con- 
servation and  correlation  of  physical  energy  is  mistaken,  and  must 
prove  unsuccessfuL     The  discovery  that  all  the  action  of  physical 
beings  is  to  be  understood  only  in  terms  of  motion^  and  that  all  re- 
lations of  such  beings  are  to  be  expressed  as  comparable  quantities 
of  motion,  either  obvious  or  potential,  has»  of  course,  greatly  stim- 
ulated this  effort     The  effort  is  to  a  certain  extent  laudable.    It 
has  unified  the  physical  universe ;  it  has  showed  to  us  this  universe 
all  alive,  as  it  were,  vdth  unceasing,  correlated,  wondrous  motions, 
which  it  is  indeed  conceivable  should  be  all  commensurable  one 
with  another.     But  it  should  never  be  forgotten  that  this  picture 
of  an  objective  world  composed  of  beings  called  atoms,  eteroallj 
moving  with  reference  to  each  other  and  according  to  the  law  of 
the  conservation  and  correlation  of  energy,  is  itself  a  picture  con- 
structed by  the  imaging  and  reasoning  mind.     As  such  a  mental 
picture,  it  is,  and  must  always  remain,  dependent  on  the  imagina- 
tion.     Mind,  as  reasoning  and  imagining,  follows  the   moving 
beings  into  minutisB  of  forms  and  into  places  where  observation 
can  never  reach  them.     Hence  the  talk  of  atoms  having  "forces 
inherent "  in  them,  of  energy  "  potential "  as  well  as  kinetic,  of  the 
"influence"  or  "action"  of  molecule  on  molecule,  and  mass  on 
mass,  under  this  one  great  law  discovered  by  modem  physics. 

For  the  principle  of  causation  is  of  far  wider  application,  and  of 
far  more  secure  foundation,  than  the  law  of  the  conservation  and 
correlation  of  energy.  The  one  is  a  law  which,  in  the  form  of  the 
principle  of  reason  and  consequent,  is  worked  into  the  very  struct^ 
ure  of  the  mind,  and  is  of  universal  and  necessary  application  to  all 
phenomena  ;  the  other  is  an  empirical  generalization,  of  doubtful 
import  and  uncertain  extent  of  application.  Indeed,  we  should  not 
accept  the  physical  law  at  all,  or  seek  to  establish  its  further  appli- 
cation, were  it  not  that  the  mental  principle  is  already  taken  for 
granted.  It  is  in  our  search  for  causes,  and  as  a  result  of  our  per- 
suasion that  real  beings  exist,  which  act  on  and  are  acted  on  by  each 
other,  that  we  hit  upon  the  hypothesis  of  the  sum-total  of  their  ener- 
gies as  shown  by  motion  remaining  unchanged,  and  of  its  different 
kinds  being  all  measurable  one  against  the  other.  But  no  objection 
exists,  either  in  the  nature  of  the  mind  or  in  the  nature  of  things,  so 
far  as  we  know,  to  the  reverse  of  this  being  true.  For  example,  a 
world  might  be  constructed  in  which  a  certain  number  of  physical 
beings,  of  a  certain  kind  (molecules  and  masses),  remained  abao- 
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lutely  motionlefls  and  unchanged,  while  all  other  beings  were  in 
perpetual  motion.  Or  a  world  might  be  constructed  in  which  the 
activities  of  different  physical  beings,  as  expressed  by  motion,  should 
be  related  in  a  totally  different  way  from  that  formulated  by  the 
present  law  of  the  conservation  and  correlation  of  energy.  In  this 
imaginary  world,  some  kinds  of  beings  might  put  forth  an  amount 
of  energy  which  was  proportional  to  that  of  all  the  energy  of  the 
beings  acting  on  them,  as  the  square  to  the  square-root,  or  as  the 
cube  to  the  cube-root ;  and  other  kinds  of  beings  might  act  and  be 
acted  upon  under  very  different  laws  of  relation  with  respect  to  the 
quantity  of  energy.  In  fine,  the  fact  that  the  law  of  the  conserva- 
tion and  correlation  of  energy  caDnot  hold  true  as  to  the  connection 
between  physical  and  psychical  phenomena  furnishes  no  sort  of 
proof  against  the  reality  of  the  mind  or  of  the  causal  connection 
between  it  and  the  brain. 

§  18.  Nor  is  there  anything  in  the  nature  of  the  so-called  "  carp- 
sal  nexus "  itself  which  forms  a  reason  why  it  should  not  be  as- 
sumed to  exist  between  brain  and  mind.  For  what  do  we  mean 
when  we  speak  of  one  thing  or  event  as  the  cause  of  another? 
What  do  we  mean  when  we  speak  of  "  influence  exerted,"  "  force 
transmitted"  or  "passing  over"  from  one  being  to  another,  etc.? 
Nothing  that  can  be  explained  or  illustrated  after  the  analogy  of 
any  series  or  collocation  of  phenomena,  of  any  relation  of  one  ob- 
ject to  another  as  discernible  by  sense  or  picturable  by  imagination. 
Nothing  passes  from  the  match  to  the  gunpowder  which  explains 
why  the  latter  explodes  ;  or  from  the  bat  to  the  ball  which  explains 
why  the  latter,  when  struck  by  the  former,  changes  the  direction  of 
its  motion.  The  proximity  of  the  earth  and  the  unsupported  con- 
dition of  the  apple,  shaken  by  the  wind  from  its  stem,  are  indeed 
spoken  of  as  the  cause  of  the  apple's  fall ;  but  no  invisible  hands 
are  reached  up  from  the  ground  to  draw  the  apple  down.  Were 
such  feelers  put  out  to  clasp  the  smaller  body  and  draw  it  to  the 
larger,  the  energy  of  the  clasp  and  its  effect  would  still  as  truly 
need  an  explanation  as  does  the  action  of  the  so-called  force  of 
gravitation.  None  of  the  senses  is  capable  of  discovering  or  ap- 
preciating the  energy  that  is  assumed  to  act ;  the  causes  of  an  event 
cannot  be  seen,  handled,  heard,  smelled,  or  tasted.  The  world  of 
experience  given  to  us  by  the  activity  of  the  senses  is  a  world  in 
which  a  ceaseless  change  of  objects  takes  place,  but  any  evidence 
of  a  tie  connecting  the  physical  phenomena  with  real  beings  as 
their  attributes,  or  connecting  our  minds  with  these  physical  real 
beings,  so  that  they  may  be  said  to  qff^ect  us,  is  quite  beyond  the 
range  of  the  sensea 
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lu  general,  it  way  be  said  that  the  world  of  appearanoefl  k  found 
by  an  analysis  of  our  adult  experience  to  be  assumed  to  rest^  as  it 
were,  upon  an  invisible  world  of  reality.  The  popular  and  uneriti- 
cal  mode  of  the  assumption  is,  that  the  world  is  made  up  of  a  great 
number  of  real  '*  Things  ; "  that  these  things  exist  ei:;fra-in6ntany, 
just  as  the}'  appear  to  us  as  objects  of  experience  ;  that  oar  knowl- 
edge of  them  is  a  more  or  less  true  copy,  obtained  through  the 
senses,  of  what  they  extra-mentally  are  ;  and  that  these  things  are 
constantly  doing  somewhat  to  each  other — acting  on  each  other  and 
being  acted  on  by  each  other.  Scientific  researches  greatly  modify 
the  character  of  the  popular  assumption.  They  show  that  it  is  de- 
monfttnibly  false  iu  almost  every  particular ;  and  yet  they  re-estab- 
lish it  in  other  forms.  Physics,  by  a  series  of  careful  observatioDS 
and  subtle  and  remote  inferences,  constructs  an  extra-mental  woiid 
of  moving  atoms ;  it  shows  us  how  these  atoms  always  have  regard 
to  each  other  when  they  move,  and  are  ceaselessly  moving  with 
reference  to  each  other ;  it  strives  to  image  the  direction  and  veloc- 
ity of  the  most  infinitesimal  of  these  motions,  and  to  formulate 
their  laws  or  constant  modes  of  relation.  Psychology  shows  how 
the  world  of  mental  objects,  the  only  world  of  immediate  experi- 
ences, is  built  up  by  the  synthetic  actirity  of  mind  ;  it  calls  upon 
the  physicist  to  remember  that  he  has  no  other  way  of  reaching 
these  atoms,  and  of  discovering  the  laws  of  their  relations,  except 
by  the  path  of  mental  activity ;  and  it  reminds  him  that  this  activity 
cannot  es(*a|>G  the  control  of  mental  law.  But  both  the  popolir 
view  and  the  scientific  attainment  are  in  substantial  agreement  as 
to  their  fundamental  view  of  the  world.  Both  beheve  that  our  ex- 
perience is  exphcablc  only  on  the  general  hypothesis  of  the  exist- 
ence of  a  vast  number  of  real  beings  which  perpetuaUy  act  on  each 
other  and  are  act^^d  upon  by  each  other. 

§  19.  The  effort  to  restrict  the  working  of  the  above-mentioDed 
assumption,  iu  which  common-sense  and  scientific  analysis  both 
agree,  just  at  the  point  where  the  relation  of  mind  and  brain  is 
subjected  to  scientific  treatment,  is  as  needless  as  it  is  unavailing. 
B<'cau8G  it  is  botli  needless  and  unavailing  it  is  often  absurd.  If  it 
be  granted  that  the  law  of  the  conservation  and  correlation  of  phys- 
ical energ}'  cannot  possibly  be  applicable  to  the  connection  of  mind 
and  brain,  and  vet  that  all  which  we  know  of  the  nature  and  extent 
of  this  law  forms  no  valid  objection  to  regarding  both  mind  and 
material  atoms  as  real  beings  standing  in  certain  relations  to  each 
other — What  good  reason  can  be  urged  for  refusing  to  affirm  a  causal 
connection  between  the  two?  The  fear  that  either  of  the  two  parties 
will  sufifer  in  dignity  or  integrity  by  such  connection  with  the  other 
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may  easily  be  laid  to  rest ;  and  if  it  could  not  be,  it  would  have  no 
right  to  interfere  with  the  only  reasonable  interpretation  of  psycho- 
physical facta  Beings  do  not  lose  their  reality,  or  characteristic 
nature,  or  value  in  the  universe  of  Being,  because  they  are  causally 
connected  with  other  beings.  On  the  contrary,  none  but  real  be- 
ings can  be  thus  connected  with  each  other  ;  none  but  real  beings 
can  act  and  be  acted  upon.  The  so-called  causal  connection  is  no 
bondage  of  such  nature  as  to  destroy  the  nature  of  the  beings  which 
act  under  it  Only  beings  that  have  natures  of  their  own  can  be 
causally  connected.  In  other  words,  all  that  appears  to  us  as  a 
causal  relation  between  the  objects  of  our  experience  is,  ultimately 
considered,  due  to  no  material  spur  or  whip  which  urges,  or  band 
that  represses,  as  though  one  kind  of  real  being  could  thus  domi- 
nate and  subdue  another.  No  atom  acts  without  being  acted  on  ; 
what  it  does  depends  both  upon  what  it  is  and  also  upon  how  it 
stands  related  to  other  atoms. 

§  20.  We  affirm,  then,  that  we  are  entitled  to  say :  The  changes 
of  the  brain  are  a  cause  of  the  states  of  consciousness ;  and  the 
mind  behaves  as  it  does  behave,  because  of  the  behavior  of  the 
molecules  of  the  brain.  Modify  the  constitution  aud  functional 
activity  of  the  material  atoms,  and  you  make  the  activities  of  the 
mind,  its  acts  and  states  of  consciousness,  to  be  differently  put 
forth  by  the  mind.  The  nature  and  extent  of  this  '*  influence  "  of 
the  material  basis  upon  the  psychical  subject  can  never  be  deter- 
mined a  priori,  or  brought  under  any  general  formula  applicable 
only  to  a  restricted  sphere  of  physical  action,  like  the  law  of  the 
conservation  and  correlation  of  physical  energy.  The  nature  and 
extent  of  such  influence  must  be  learned  by  investigation.  It  has 
been  the  special  task  of  this  treatise  on  Physiological  Psychology 
to  investigate  and,  as  far  as  possible,  to  formulate  the  causal  action 
of  brain  on  mind.  Such  action  has  been  seen  to  consist  chiefly 
(if  not  wholly)  in  determining  the  intensity,  quality,  mode  of  com- 
bination, and  of  recurrence  in  time,  of  the  sensational  elements  of 
the  mind's  activity,  and  of  its  other  activities  so  far  as  dependent 
upon  the  sensational  elements. 

The  affirmation  of  a  causal  influence  of  the  brain  on  the  mind, 
however,  does  not  really  work  any  prejudice  to  the  claims  of  the 
mind  to  be  considered  a  real  being,  or  to  be  spiritual  and  free.  For 
the  sole  account  or  cause  of  the  mind's  activities  can,  in  no  instance, 
be  found  in  the  molecular  condition  and  changes  of  the  brain. 
The  simplest  sensation  must  be  referred  also  to  the  nature  of  the  / 
mind  as  its  cause.  It  must  be  considered,  not  simply  as  caused  by 
a  certain  form  of  nerve-commotion  in  the  cerebral  cortex,  but  also 
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as  a  psychical  activity  put  forth  by  the  being  called  mind.  There 
is  no  incompatibility  in  these  two  ways  of  regarding  each  state  of 
sensation.  Even  in  the  case  of  some  physical  events  the  nature  of 
each  of  the  factors  combining  to  form  the  event  must  be  taken 
into  the  account.  For  example,  atoms  of  oxygen  will,  under  cer- 
tain circumstances,  unite  with  atoms  of  hydrogen  to  form  water ; 
under  other  circumstances  they  veill  unite  with  atoms  of  iron  to 
form  iron-rust ;  they  may  also  be  mechanically  mixed  with  nitro- 
gen-atoms to  form  air,  etc.  In  each  case  the  cause  of  the  result  is 
to  be  found  in  the  presence  with  the  oxygen,  under  certain  definite 
circumstances,  of  atoms  of  hydrogen,  iron,  nitrogen,  etc.  But  in 
each  case  the  cause  is  also  equally  to  be  found  in  the  nature  of 
the  atom  of  oxygen.  So  every  sensation,  however  closely  it  may 
be  correlated  with  the  condition  and  functional  activity  of  the 
molecules  of  the  brain,  must  be  explained  by  referring  it  to  the 
nature  of  the  mind  which  has  the  sensation.  Nothing  which  Physi- 
ological Psychology  has  ever  discovered,  or  can  hope  to  discover, 
in  the  least  mitigates  the  necessity  of  saying,  when  the  question 
is  asked — "Why  does  the  mind  behave  in  this  particular  way  under 
such  circumstances  ? — It  is  the  nature  of  the  mind  so  to  behave 
when  its  circumstances  are  such.  In  other  words,  our  explanations 
of  the  causes  of  mental  phenomena,  as  lying  in  the  physical  basis 
of  such  phenomena,  does  not  at  all  satisfy  the  need  of  a  real  and 
spiritual  subject  of  the  phenomena. 

Moreover,  we  have  seen  that  there  are  large  and  most  important 
classes  of  mental  activities  which  can  scarcely  be  conceived  of  as 
standing  in  any  direct  relation  to  the  nerve-commotions  of  the 
cerebral  cortex.  These  classes  are  indeed  always  allied  with  phe- 
nomena of  sensation  and  feeling  for  which  we  can  trace  a  bodily 
basis.  But  this  fact  onlv  makes  their  connection  with  the  brain 
presumably  more  indirect  For  the  explanation  of  such  classes  of 
mental  phenomena  we  are  driven  much  more  imperatively  and  ex- 
clusively to  an  appeal  to  the  existence  of  a  spiritual  subject,  with  a 
nature  and  laws  of  action  very  different  from  those  ascribed  to  its 
physical  basis,  the  brain. 

§  21.  We  affirm,  also,  that  we  are  equally  entitled  to  say  :  The 
states  of  consciousness  are  a  cause  of  the  molecular  condition  and 
changes  of  the  nervous  mass  of  the  brain,  and  through  it  of  the 
other  tissues  and  organs  of  the  body.  And  just  as  no  fear  for  the 
reality,  integrity,  and  dignity  of  the  mind  prevents  us  from  accept- 
ing its  dependence  for  the  mode  of  its  activity  upon  the  condition 
of  the  brain,  so  no  fear  for  the  reality  of  physical  substance,  and 
for  the  value  and  extension  of  physical  law,  prevents  us  from  as- 
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Berting  the  dependence  of  the  brain,  for  the  mode  of  its  activity,  \ 
upon  the  states  of  the  mind.     Of  course — it  need  scarcely  be  said  I 
again — no  relation  exists  between  these  two  kinds  of  beings  which  | 
can  be  represented  as  an  interchange  of  physical  energy,  under 
the  law  of  the  conservation  and  correlation  of  such  energy.     This 
fact,  however,  affords  no  objection  to  our  recognizing  a  true  causal 
connection  between  tlie  two,  unless  we  are  ready  to  insist  upon 
the  monstrous  claim  that  modem  physical  science  is  entitled  to 
affirm  the  impossibility  of  any  interaction  (or  conditional  action) 
taking  place  in  the  universe  otherwise  than  between  material  atoms 
under  the  aforesaid  law. 

The  phenomena  which  indicate  that  mind  operates  as  true  cause 
within  the  structure  of  the  body  are  innumerable.  They  are  quite 
as  numerous,  tliough  perhaps  not  so  obvious  and  impressive,  as 
those  which  indicate  the  reverse  relation.  The  chief  reason  why 
these  phenomena  are  relatively  little  regarded  in  psycho-physical 
researches  is,  that  the  real  causes  are  in  this  case  not  readily  made 
the  objects  of  observation  and  measurement.  External  stimuli  con- 
stitute the  causes  of  mental  changes  which  we  can  most  easily  ob- 
serve and  estimate.  Ideas,  feeling,  and  acts  of  will  arising  in  the 
consciousness,  and  considered  as  causes  of  the  resulting  bodily 
changes,  cannot  be  treated  by  the  same  methods  of  experimental 
science  as  apply  to  the  physical  stimuli.  But  that  the  mind  acts 
on  the  body  is  one  of  the  most  familiar  of  experiences.  Such  ac- 
tion penetrates  and  modifies  all  the  life  of  the  body.  Hence  the 
material  mechanism  of  the  animal  structure  can  never  be  consid- 
ered, with  a  view  to  explain  what  is  going  on  within  it,  as  though 
it  were  disconnected  fi*om  the  consciousness  of  the  animal.  The 
most  purely  vegetative  of  the  processes  of  the  human  body  are  de- 
pendent for  their  character  upon  the  states  of  the  human  mind. 
The  nutrition  of  the  tissues,  the  circulation  of  the  blood,  the  secre- 
tion of  different  kinds  of  fluids,  the  healthy  or  diseased  nature  of 
the  vital  processes,  are  dependent  upon  the  states  of  the  mind.  If 
abnormal  digestion  produces  melancholy,  it  is  equally  true  that 
melancholy  causes  bad  digestion.  In  the  case  of  the  rise  of  strong 
emotions,  like  anger  or  grief,  the  increasing  affection  of  the  mind 
builds  itself  up  upon  a  physical  basis  of  increasing  disturbance  of 
the  organs  ;  but  it  is  equally  obvious  that  the  starting  of  the  emo- 
tion in  consciousness,  and  the  letting  of  it  slip  from  control,  are 
necessarily  followed  by  gathering  momentum  to  the  organic  dis- 
turbance. Irregular  action  of  the  heart,  caused  by  organic  defect 
or  weakness,  occasions  a  feeling  of  indescribable  alarm  in  the  soul ; 
fear  is  followed,  through  the  action  of  the  mind  upon  the  nervous 
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centres,  by  functional  incapacity  of  the  heart  The  impure  condi- 
tion of  the  arterial  blood  which  is  characteristic  of  certain  dneaaeB 
brings  about  a  chronic  state  of  mental  lassitude  or  anxiety ;  caze, 
chagrin,  and  ennui  poison  the  arterial  blood*  The  lesion  of  the 
cortical  substance  produced  by  a  growing  abscess  or  broken  blood* 
vessel  impairs  the  mind's  powers  of  sensation  and  thought ;  ex- 
cessiye  thought  and  over-excited  feeling  wear  away  the  brain. 

The  entire  class  of  phenomena  which  we  are  entitled  to  call 
''  voluntary/'  in  the  widest  sense  of  the  word,  might  be  appealed 
to  in  proof  of  the  same  principle.  Whether  they  show  that  the 
mind  is  "  free,"  in  the  highest  ethical  meaning  of  the  word,  or  not 
(and  upon  this  question  psycho-physical  science  cannot  pronounce), 
they  certainly  do  show  that  the  condition  of  the  bodily  organs  is 
mode  dependent,  through  the  nervous  elements  of  the  brain,  upon 
the  states  of  the  mind.  And  here  are,  in  point,  the  phenomena  of 
the  voluntary  innervation  of  the  organ  by  fixing  the  attention,  of  the 
dependence  of  reaction-time  upon  the  exercise  of  the  will  through 
attention  of  the  person  reacting,  of  the  abstraction  of  regard  from 
the  images  of  sense  when  occupied  in  reflective  thought,  as  well 
as  all  the  more  marvellous  instances  of  self-control  in  determining 
the  results  of  disease,  etc. 

The  elevation  of  the  bodily  activities  to  the  most  astonishing 
precision,  under  the  influence  of  high  and  strong  artistic  feeling, 
or  sense  of  duty,  is  also  a  noteworthy  fact  of  the  same  order.  The 
mind  has  not  the  power  to  constitute,  in  opposition  to  fixed  chem- 
ical affinities,  a  single  molecule,  or  to  execute  the  slightest  move- 
ment of  a  single  muscle,  without  involving  the  nervous  system  in 
the  expenditure  of  the  requisite  energy.  Moreover,  this  energy 
must  be  started  in  tbe  appropriate  cortical  area  and  descend  along 
the  allotted  motor  tracts.  We  cannot  explain  how  it  is  that  mole- 
cules of  nervous  matter  can  be  acted  upon  in  view  of  states  of 
consciousness.  But  neither  can  we  explain  how  one  kind  of  atoms 
comes  to  net  as  it  does  in  view  of  the  presence  and  action  of  atoms 
of  another  kind.  Nevertheless,  we  can  just  as  little  assume  to  ex- 
plain away  the  fact  of  such  obvious  causal  connection,  because  we 
cannot  bring  the  measure  of  the  connection  under  the  same  law  as 
that  which  maintains  itself  among  certain  modes  of  physical  mo- 
tion. 

§  22.  No  valid  objection,  therefore,  can  be  urged  against  con- 
ceiving of  the  connection  between  mind  and  brain  in  the  following 
way,  at  once  most  natural  and  most  philosophical :  The  brain  is  a 
vast  collection  of  material  molecules,  whose  constitution  and  ar- 
rangement are  auch  as  to  connect  them,  in  a  unique  way,  with  car- 
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tain  forms  of  physical  energy  outside  of  the  body.  Whenever  these 
appropriate  forms  of  energy  act  upon  the  parts  of  the  nervous  sys- 
tem lying  below,  and  the  impulses  are  transmitted  to  the  brain, 
or  whenever  the  chemical  character  of  its  blood-supply  is  altered, 
then  the  molecules  of  the  brain  are  capable  of  undergoing  very  re- 
markable and  intricate  changes  of  constitution  and  arrangement 
That  is,  the  brain  can  be  stimulated  to  certain  of  its  peculiar  com- 
binations of  nerve-commotion  by  external  stimulL  Moreover,  it  is 
constantly  initiating  other  combinations  of  nerve-commotion  that 
are  apparently  not  due  to  such  stimulL  Some  of  its  actions,  that 
is,  are  of  a  kind  constantly  arising  within  the  system  itself ;  they  are 
called  automatic.  We  have  as  yet  no  adequate  means  whatever 
for  making  a  quantithtive  statement  of  the  relations  which  exist 
between  the  energy  of  atoms  thus  constituted  and  arranged  and 
the  energy  of  the  masses  or  molecules  that  serve  as  stimuli  of  the 
system  composed  of  these  atoma  Nervous  energy  is  not  an  entity 
to  be  dealt  with  by  a  sum  in  addition  and  subtraction  of  momenta. 
For  aught  we  know^  it  is  of  the  nature  of  atoms,  when  they  are 
brought  into  relations  so  extraordinary  as  those  which  prevail  in 
the  nervous  system,  to  behave  witli  reference  to  each  other  in  a 
way  that  is  wholly  irreducible  to  any  simple  formula  like  that  of 
the  conservation  and  correlation  of  energy.  If  this  should  final- 
ly appear  to  be  indubitably  true,  the  fact  would  not  be  specially 
mysterious.  All  action  and  reaction  of  the  atoms  is  mysteiious  ; 
the  methods  of  it  are  to  be  learned  from  experience  as  ultimate 
and  inexplicable  facta 

Still  further,  the  molecules  of  the  brain  are  so  constituted  and 
airanged  as  to  be  capable  of  standing  in  yet  more  surprising  and 
unique  relations  to  a  being  of  a  different  nature  from  their  own — 
that  is,  to  the  mind.  These  relations  involve  a  causal  connection  as 
truly  OS  any  relations  of  real  physical  beings  in  which  such  beings, 
as  we  are  compelled  to  believe,  act  on  each  other  and  are  acted  on 
by  each  other.  That  molecules  thus  constituted  and  arranged  are 
causally  connected  with  the  subject  of  consciousness  is  an  ultimate 
fact ;  it  involves  the  nature  of  both  classes  of  beings  thus  connected 
— of  the  brain  and  of  the  mind  ;  it  involves  also  the  action  of  each 
upon  the  other.  In  speaking,  however,  of  mind  and  brain  as  act- 
ing on  each  other,  we  accomplish  nothing  whatever  for  the  comple- 
tion of  the  picture  by  trying  to  introduce  the  conception  of  ener- 
gy "transmitted"  or  "passed  over"  from  one  to  the  other.  The 
simple,  ultimate  fact  remains,  that  how  each  behaves  depends  upon 
the  behavior  of  the  other.  It  is  the  business  of  psycho-physical 
science  to  discover,  if  possible,  the  general  modes  of  this  depend- 
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ence — that  is,  the  laws  of  the  lelation  between  the  mind  and  tiie 
brain. 

§  23.  In  more  particular  description  of  the  connection  between 
the  mind  and  the  brain,  it  may  be  said  that  all  intercourse  between 
material  objects  and  the  spiritual  subject  involves  three  procesMs 
— a  physical,  a  physiological,  and  a  psychical  In  these  procesaes 
the  perceived  object  and  the  perceiving  subject  mutually  condition 
each  other.  This  fact,  however,  does  not  destroy  the  neoean^r, 
under  which  all  scientific  investigation  finds  itself,  of  assuming  tbai 
both  object  and  subject  exist  as  real  beinga.  The  physical  pro- 
cess consists  in  the  action  of  the  appropriate  modes  of  physictl 
energy  upon  the  nervous  end- apparatus  of  sense.  The  bringing  of 
such  modes  of  energy  to  bear  upon  the  apparatus  is  accomplished 
through  mechanical  contrivimces — such  as  the  means  for  forming 
an  image  on  the  retina  in  the  eye,  and  for  conveying  the  modified 
acoustic  impulses  to  the  organ  of  Corti  in  the  ear. 

The  second  process  consists  in  transmuting  the  physical  ener- 
gies, in  part  at  least,  into  a  physiological  process,  a  nerve-com- 
motion within  the  nervous  system  ;  and  in  propagating  such  nerve- 
commotion  along  the  proper  tracts  and  diffusing  it  over  the  varioos 
areas  of  this  system.  Inasmuch  as  the  physiological  process  is 
also  a  physical  process — that  is,  a  mode  of  the  motion  of  mate- 
rial molecules,  accompanied  by  chemical  and  electrical  and  other 
changes — it  must  be  conceived  of  as  standing  in  certain  relations 
of  quality  and  quantity  to  the  first,  or  more  distinctively  physical, 
process.  But  that  the  law  of  the  conservation  and  correlation  of 
energy,  as  formulated  for  much  simpler  cases  of  the  relations  of 
forces  between  inorganic  bodies,  applies  to  the  relations  of  the 
nervous  system  and  its  stimuli,  or  within  the  different  ports  of  the 
ner^•ous  system  itself,  we  are  not  yet  able  to  afiirm  with  confi- 
dence. 

The  third  process  is  psychical ;  it  is  a  process  which  is  a  psychi- 
cal event,  a  forth-putting  of  the  energy  of  mind.  It  is  directlj 
correlated  with  the  physiological  process  only  when  the  latter  has 
been  realized  in  certain  cerebral  areaa  It  is  not  to  be  explained 
as  a  resultant  of  the  cerebral  physiological  process,  but  as  an  ac- 
tion of  the  mind  which  is  conditioned  upon  that  process.  So,  also, 
are  we  entitled  to  say  that,  when  certain  psychical  processes,  by 
way  of  feeling,  ideation,  and  vohtion,  take  place,  then,  and  as  con- 
ditioned upon  these  processes,  certain  corresponding  physiological 
processes  occur  in  the  brain ;  the  physiological  processes,  being 
propagated  from  the  central  nervous  s}*stem,  end  in  physical  pro- 
cesses returning  energy  to  the  world  outside  of  the  body. 
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When  the  mental  process  is  a  perception  of  some  object,  called 
an  ''  external "  object,  it  is  no  less  truly  a  psychical  process.  The 
mind  creates  its  own  objects  ;  presents  itself  with  its  own  presen- 
tations of  sense ;  acts  to  bring  forth  that  which  it  knows  as  not 
itself.  But  it  does  all  this  as  dependent  upon  the  processes  which 
take  place  outside  of  itself,  and  with  the  assumption  of  extra-men- 
tal realities  as  existing,  to  which  it  stands  in  the  relation  of  cause 
and  effect. 

§  24.  Finally,  then,  the  assumption  that  the  mind  is  a  real  being , 
which  can  he  acted  upon  by  the  brain,  and  tvhich  can  act  on  the  body 
through  the  brain,  is  the  only  one  compatible  tuUh  all  the  facts  of  ex- 
perience. There  is  nothing  which  we  know  about  the  nature  of 
material  beings  and  the  laws  of  their  relation  to  each  other,  or 
about  the  nature  of  spiritual  beings  and  their  possible  relation  to 
material  beings,  or  about  the  nature  of  causal  efficiency  whether 
in  the  form  of  so-called  physical  energy  or  in  that  of  activity  in 
consciousness,  which  forbids  the  aforesaid  assumption.  On  the 
contrary,  everything  which  we  actually  know,  as  distinguished 
from  what  we  conjecture  to  be  true,  or  would  like  to  have  true,  for 
the  satisfaction  of  certain  of  our  quasi-scientific  or  ethical  impulses 
favors  this  assumption.  And  no  other  assumption,  substantially 
different  from  this,  is  compatible  with  the  facts  of  experience. 


CHAPTER  IV. 

THE  MIND  AS  REAL  BEING. 

§  1.  No  attempt  need  be  made  to  conceal  the  fact  that  the 
three  chapters  have  given  to  the  phenomena  and  laws  of  Phy — "**^* 
ological  Psychology  a   "metaphysical"  treatment     In  the  inl 
duction  (see  §  5)  to  the  scientific  discussion  of  the  subject,  the 
tention  finally  to  raise  and  answer  certain  metaphysical  questions 
to  the  nature  of  Mind  was  frankly  avowed.     Indeed,  since  all 
cussion  of  those  assumptions  which  underlie  our  experience  of  wte-^ 
we  call  **  reality  "  is  metaphysical,  it  is  not  easy  to  see  how  tK>6 
science  of  mind — from  whatever  point  of  view  approached— can  'be 
thorough  and  conclusive  without  involving  metaphysics.     In  ih^ 
the  concluding  chapter,  certain  still  more  distinctively  metaphysi- 
cal inquiries  must  be  briefly  pursued.     The  mind  has  been  spoken 
of  as  "real,"  "spiritual"  (or  non-material),  a  "unit-being,"  etc. 
These  are  terms  which  require  further  explication.     What  is  meant 
by  speaking  of  the  mind  as  a  red  being  ?    What  is  it  to  be,  in 
reality,  spiritual  rather  than  material?    What  is  the  real  nature  of 
that  unity  which  belongs  to  mind ;  and  on  what  grounds  do  we 
affirm  that  the  mind  is  a  "  unit-being  f  " 

Thus  far  the  effort  has  constantly  been  made  to  maintain  a  close 
connection  between  the  answer  given  to  semi-metaphysical  inquiries 
and  the  facts  of  physiological  psychology.  In  rendering  such  an- 
swer the  appeal  has  constantly  been  taken  to  the  facts.  Should 
the  facts,  in  any  case  of  appeal,  not  bear  out — or,  at  least,  should 
they  contradict — the  conclusions  alleged  to  be  based  upon  them, 
then  the  conclusions  must  be  modified,  or  change  the  basis  on 
which  they  assume  to  rest,  or  utterly  falL  But  in  answering  the 
more  distinctively  metaphysical  questions  now  raised  as  to  the  nat- 
ure of  mind,  the  psycho-physical  facts  are  of  little  direct  assist- 
ance. Such  questions  are  fitly  raised  at  the  conclusion  of  psycho- 
physical researches  only  because  these  researches  have  led  us  to  a 
certain  view  as  to  the  nature  of  the  subject  of  the  researches— 
namely,  as  to  the  nature  of  the  mind. 

§  2.  The  mind  is  a  "real "  being  in  the  highest  sense  in  which 
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any  finite  being  can  be  real  Indeed,  its  claim  to  be  considered 
real  is  more  indisputable  than  the  same  claim  as  put  forth  for  any 
material  thing  ;  it  is  unique.  The  reality  of  mind  underlies  and 
makes  possible  all  our  knowledge  of  other  real  beings,  and  all  our 
assumptions  as  to  the  existence  of  such  beings.  It  is  only  on  con- 
dition of  granting  its  reality,  in  the  highest  sense  of  the  word,  that 
we  can  affirm  the  reality  of  other  being& 

There  can  be  no  doubt  that  the  popular  impression  attributes  a 
reality  to  material  things  which  it  does  not  consider  to  be  pos- 
sessed by  the  mind.  This  impression  makes  the  clearly  visible 
and  hard,  tangible  substances,  experience  of  which  constitutes  so 
important  a  part  of  ordinary  working-day  life,  the  test  and  stand- 
ard of  the  most  indubitable  reality.  Substantial  as  a  rock  (that 
is,  a  presentation  of  sense  which  consists  of  certain  qualities  made 
known  especially  to  the  tactual  and  muscular  senses) ;  and  unsub- 
stantial as  a  day-dream  (that  is,  a  series  of  representative  images 
largely  free  from  all  admixture  of  presentations  of  sense) — thus 
does  the  popular  estimate  express  itself  with  respect  to  the  reality 
of  the  phenomena  referable  to  things  as  compared  with  the  pure 
states  of  mind.  Materialistic  objections  to  the  reality  of  mind, 
when  made  to  rest  upon  scientific  data,  repeat  and  confirm  the 
popular  impression.  These  objections  ordinarily  assume  that  no 
doubt  can  be  raised  as  to  the  reality  of  material  *'  Thinga"  Such 
things  as  are  real  in  the  highest  sense  of  the  word,  however,  are 
not  now  understood  in  the  same  way  as  the  things  indicated  in  the 
popular  impression.  Only  the  atoms,  or  elemental  and  permanent 
factors  which  enter  into  the  composition  of  all  the  objects  of  sense, 
are  held  from  the  scientific  point  of  view  to  be  real  in  the  highest 
sense  of  the  word. 

The  things  of  experience  by  the  senses  are  admitted  to  be  con- 
stantly changing,  and  at  no  time,  extra-mentally,  to  resemble  the 
unchanging  material  realities  with  which  science  deala  Things, 
as  they  appear  to  the  eye  and  to  touch,  are  spread-out,  continuous, 
without  empty  space  between  them,  and  for  the  most  part  motion- 
less, except  as  they  are  moved  in  masses  by  application  of  external 
energy.  Things  as  they  really  are,  however,  are  neither  spread- 
out,  nor  continuous,  nor  motionless.  On  the  contrary,  they  consist 
of  a  countless  number  of  invisible  and  intangible  real  beings,  called 
atoms,  that  are  ceaselessly  moving,  with  incredible  velocity  and  in- 
tricateness  of  changing  directions,  in  empty  space,  and  according 
to  forces  inherent  in  them.  These  atoms  are  real,  and  have  always 
been — the  sole  element  of  all  which  appears  as  real ;  so  this  form 
of  quasi-scientific  metaphysics  goes  on  to  declare. 


670  THE  REALITY   OF  MIKD. 

On  the  other  hatid,  it  is  argued  by  certain  advocates  of  the  fore* 
going  view  that  the  so-called  mind  is  wanting  in  every  characteriBtie 
which  could  justly  entitle  it  to  be  called  a  reality.  Certainly  it  is 
not  adapted  to  win  the  popular  respect  as  a  hard  and  solid  sab- 
stance,  which  it  is  difficult  to  move,  and  impossible  to  remove  from 
the  sphere  of  possible  sensations.  What  is  the  mind,  in  reality  f 
It  cannot  be  seen  or  touched,  or  apprehended  by  any  of  the  sensea 
It  cannot  be  imaged  as  spread  out  in  space,  or  as  space-filling,  bj 
virtue  of  some  physical  energy  streaming  uninterruptedly  forth 
from  the  mathematical  point  at  which  it  is  situated.  It  can  do 
nothing  except  through  the  body  ;  that  is  to  say,  all  that  is  done, 
which  could  possibly  be  referred  to  the  mind,  is  really  done  by  the 
body.  And  the  body  is  a  material  mechanism,  which  is  nothing 
except  as  it  is  constructed  out  of  the  same  atoms,  with  their  inherent 
forces,  which  have  composed  the  star,  the  crystal,  the  flower ;  and 
which  can  do  nothing  except  as  the  ceaseless  play  of  the  energies 
of  great  Nature  (of  which  it  is  a  pointy  a  part)  are  kept  playing 
through  it  Without  the  physical  mechanism,  as  a  real  existence, 
there  is  no  manifestation  of  so-called  mind,  no  manifestation  actual, 
possible,  or  conceivable.  And  when  this  mechanism  is  diBSolved, 
the  mental  phenomena,  so  far  as  appears,  whoUy  cease.  What^ 
then,  is  Mind?     What  claim  to  reality  can  it  possibly  make  vaUd? 

More  particularly,  certain  puzzling  questions  regarding  the  nature 
of  the  mind  8  behavior  may  be  raised  by  the  advocates  of  the  same 
foregoing  view.  Where  is  the  real  mind,  it  may  be  asked,  when 
consciousness  is  gone,  as  in  swooning  or  deep  sleep  ?  What  becomes 
of  the  mental  Being  when  the  mental  faculties  one  by  one  drop 
away,  as  in  cases  of  general  paralysis  ?  What  worthy  kind  of  real- 
ity can  belong  to  the  subject  of  phenomena  so  evanescent  and  tem- 
porary, so  incapable  of  being  measured,  and  weighed,  and  related 
to  the  permanent  forces  and  beings  of  the  material  world  ?  More- 
over, if  mind  is  a  real  being,  what  shall  be  said  in  answer  to  the 
inquiry,  why  certain  of  the  lower  animals  can  apparently  divide  up 
their  souls  by  fission  of  their  physical  structure  ?  And  cannot  even 
man's  proud  unity  of  real  being  become  disturbed  by  the  accident 
or  disease  which  results  in  a  double  consciousness,  or  in  the  loes 
of  all  previously  acquired  knowledge — of  the  mind  as  previously 
existing  and  developed  ? 

§  3.  That  many  puzzling,  and  even  unanswerable,  questions  can 
be  asked  concerning  the  nature  of  the  mind,  we  have  no  interest  to 
deny.  Doubtless,  if  difficulties  growing  out  of  our  inability  wholly 
to  clear  up  our  ideas  of  "  real  being,"  "  self-identical  and  perma- 
nent existence,"  et^.,  8  ions  to  believing  that  any  real  being! 
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exist)  they  are  also  objections  to  our  believing  in  the  reality  of  mind. 
But  certainly  it  is  one  thing  to  ask  unanswerable  questions  regard- 
ing the  ultimate  nature  of  any  particular  real  beings,  so  called,  and 
another  thing  to  prove  that  our  belief  in  the  existence  of  such  real 
beings  is  unfounded.  Moreover,  the  fact  that  we  cannot  conceive 
of  or  define  the  real  being  of  the  soul,  in  terms  which  apply  to 
material  things,  is  cheerfully  conceded*  Indeed,  it  is  this  general 
fact  upon  which  chief  reliance  is  placed  to  prove  that  the  being  of 
the  soul  is- unlike  that  of  "Things" — is  non-material,  or  spiritual 
But  how  can  this  fact  prejudice  the  claim  of  the  soul  to  be  real,  un- 
less it  has  previously  been  established  that  to  be  hard,  and  round, 
eta,  or  to  be  a  minute  material  bit  (an  atom)  ceaselessly  in  move- 
ment, is  necessary  in  order  reaDy  to  be  at  all  ?  The  truth  is,  how- 
ever, that  both  the  popular  impression  and  the  more  scientific 
theory,  just  so  far  as  they  can  cogently  be  urged  against  the  reality 
of  spiritual  being,  themselves  rest  on  the  most  unverifiable  and  ab- 
surd assumptions. 

The  popular  conviction  of  the  indubitable,  and,  as  it  were,  supe- 
rior reality  of  certain  classes  of  things  is  easily  explained  as  the 
necessary  result  of  the  development  of  experience.  All  things 
which  are  pre-eminently  real,  in  this  meaning  of  the  word,  are  cog- 
nizable by  means  of  tactual  and  muscular  sensations  marked  by  a 
strong  color-tone  of  feeling.  Things  merely  smellable  have  no 
**  reality,"  in  this  sense  of  the  word,  because  they  are  not  apprecia- 
ble by  touch  and  ofifer  no  muscular  resistance.  We  cannot  put  our 
hands  on  the  effluvia  which  excite  the  olfactory  nerve ;  the  air  when 
laden  with  sweet  and  sickening  odors  is  not  tangible  or  impenetra- 
ble. Beal  things — that  is,  things  which  can  be  seen  and  handled — 
are,  however,  regarded  as  the  sources  of  our  sensations  of  smell. 
What  is  true  of  sensations  of  smell  is  also  true,  in  less  degree,  of 
sensations  of  sound.  But  in  the  case  of  sound  we  are  generally 
able  at  once  to  refer  the  origin  of  the  acoustic  sensation  to  some 
so-called  real  "  Thing."  Objects  tasted  are  popularly  regarded  as 
real,  because  they  are  objects  which  are  handled  before  tasted,  and 
constantly  touched  as  they  are  being  tasted  in  the  mouth.  A  "  bad 
taste  in  the  mouth  "  is  not  regarded  as  giving  evidence  of  the  pres- 
ence of  any  real  thing  ;  it  may  simply  be  regarded  as  a  sensation 
located  in  that  region.  Accordingly,  one  does  not  consider  one's 
self  to  be  tasting  one's  own  moutli  as  a  real  thing,  although  one 
may  say  that  the  mouth  has  a  bad  taste. 

Even  when  the  presentation  of  sense  is  a  clearly  visible  object, 
it  does  not  necessarily  seem  to  have  the  characteristics  of  a  real 
thing.    For  the  object  of  vision  readily  and  quickly  changes  its 
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color,  apparent  magnitude,  characteristics  of  superficies;  and  visible 
outlines  as  a  solid.  MoreoTer,  everybody  knows  that  his  eyes  have 
often  deceived  him ;  even  when  they  have  been  closed  visual  im- 
ages have  appeared  before  the  mind,  such  as  could  not  possibly 
represent  any  so-called  reality.  But  the  nature  of  tactual  and  mus- 
cular sensations  is  different  from  the  visual  in  several  important 
particulars.  Such  sensations,  on  bestowing  the  requisite  attention, 
may  ordinaiily  be  brought  strongly  into  consciousness.  They  do 
not  so  readily  change  their  quality  regarded  as  coming  to  us  from 
an  apprehension  of  the  properties  of  thinga.  The  feeling  of  effcni 
colors  them  highly  ;  and  the  pain  from  being  struck,  pressed, 
pinched,  or  impeded,  is  a  frequent  accompaniment.  Therefore, 
children  are  educated  in  their  knowledge  of,  and  belief  in,  a  world 
of  reahty  by  being  constantly  resisted  by  material  things ;  and  adults 
naturally  suppose  that  when  they  can  lay  hands  on  an  object  they 
know  that  it  really  is,  and  what  it  really  is,  with  a  certainty  impos- 
sible in  any  other  way. 

It  wholly  escapes  the  ordinary  observation  that  the  same  assump- 
tions— whether  they  be  deemed  verifiable  or  unverifiable — underUe 
the  conviction  of  the  reality  of  things  tangible  which  belong  to 
the  operation  of  all  the  senses.  It  is  true,  as  experience  shows, 
that  tactual  and  muscular  sensations  are,  from  their  very  nature, 
and  from  the  manner  and  frequency  of  their  recurrence,  pecul- 
iarly adapted  to  serve  the  mind  well  in  those  acts  of  synthesis 
by  which  it  constructs  the  real  things  of  its  experience.  But  this 
fact  does  not  in  the  least  diminish  the  force  of  the  other  fact — 
namely,  a  certain  assumption  or  postulate  as  to  an  extra-mental 
reality  (an  A',  which  is  not  any  one  of  the  attributes — a,  6,  c,  etc — 
of  the  "Thing,"  but  which  is  the  subject  or  ground  of  them  all) 
underlies  and  conditions  all  the  apprehensions  of  sense.  Without 
granting  and  using  this  assumption  we  cannot  afiirm  that  even  by 
tactual  and  muscular  sensations  we  know  any  reality  whatever, 
beyond  the  real  fact  that  so  our  own  minds  stand  affected  with  the 
presentation  of  an  object  of  sense.  If  the  popular  impression  con- 
cerning the  reality  of  ''things  "  does  not  extend  beyond  this  simple 
act  of  self-knowledge,  as  it  were,  it  certainly  forms  no  ground  for 
affirming  the  superior  and  undoubted  nature  of  such  reality. 

§  4  The  cause  of  the  scientific  objector  to  the  reahty  of  mind,  as 
standing  on  an  equality,  with  respect  to  the  cogency  of  its  evidence, 
with  those  material  atoms  about  whose  reahty  he  tolerates  no  doubt, 
is  not  a  whit  better  ofif  than  is  that  of  the  popular  impression.  In- 
deed, it  is  by  no  means  so  good.  That  ready-made  "  things  **  really 
exist  in  independence  of  mind  (meaning  by  such  "  things  **  the  ob- 
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jecta  of  everyone'B  immediate  experience)  is  a  proposition  which  it 
involves  fewer  doubtful  elements  to  maintain  ihan  the  proposition 
that  so-called  "  atoms  "  have  such  existence.  It  is  time  to  raise  the 
question :  How  can  one  know,  so  confidently,  that  those  cerebral 
molecules  exist  ex/ro-mentall j,  with  all  their  incalculable  and  almost 
inconceivable  motions,  on  whose  real  being  the  phenomena  of  mind 
are  sometimes  made  to  depend?  The  brain — it  is  claimed  by  Ma- 
terialism— may  be  made  responsible  for  mental  phenomena,  for  the 
latter  are  mere  manifestations  in  consciousness  of  the  changes  which 
are  going  on  in  the  material  constituents  of  which  this  organ  is 
really  composed ;  there  is  no  need  of  a  real  non-material  being  as 
the  subject  of  the  mental  phenomena;  the  physical  phenomena, 
however,  must  have  some  real  being  as  their  subjects ;  such  reality 
is  to  be  found  in  the  molecules  of  the  brain.  But  what  are  the 
grounds  and  the  nature  of  our  knowledge  of  this  wonderful  con- 
jiirer  styled  the  brain  ? 

The  so-called  scientific  argument  against  the  reality  of  mind,  as 
often  applied,  may  be  stated  in  terms  somewhat  like  the  foregoing, 
little  examination  is  needed,  however,  to  show  that  its  concliisive- 
ness  involves  certain  assumptions  which  cannot  themselves  be  vali- 
dated without  weakening  or  destroying  the  very  ground  on  which 
the  argument  is  itself  based.  Let  the  case  be  tried  by  making  a 
beginiS^with  that  sort  of  testimony  with  which  everyone  is  m'ost 
familiar.  I  know  that  I  think,  feel,  will ;  that  is  to  say,  phenomena 
take  place  in  consciousness  which  there  is  no  conceivable  way  of 
describing  except  by  attributing  them  to  the  subject  of  all  con- 
sciousness— to  the  self-conscious  ''  me  "  called  mind.  But  because  I 
cannot  perceive  this  subject  of  all  consciousness  as  an  extended  and 
external  somewhat — a  '* Thing"  so  large,  and  shaped  and  colored 
in  just  such  a  manner,  with  a  definitely  hard  or  soft  feel — that  is  to 
aay,  because  I  do  not  appear  to  myself  in  consciousness  to  be  just 
such  a  kind  of  being  as  are  some  of  the  objects  of  my  perception, 
I  begin  to  raise  the  question  whether  this  subject  (the  "  I "  that 
thinks,  etc.)  has  any  real  being  at  alL  May  it  not  in  fact  be,  I  ask 
myself  that  some  '*  thing,"  or  collection  of  things,  like  those  which 
I  have  often  seen  and  felt,  is  the  subject  to  which  the  thoughts 
and  feelings  and  acts  of  will  that  I  have  called  '*  mine  "  should  be 
attributed?  Of  course,  if  this  question  is  to  be  answered  in  the 
light  of  modem  physiology  with  even  a  provisional  afiirmative,  the 
particular  ''  thing,"  to  which  such  activities  as  those  I  am  conscious 
oi  are  to  be  attributed,  is  my  brain.  Nothing,  surely,  but  my  brain 
can  think,  and  feel,  and  will — so  to  speak — for  me.  For  if  physical 
science  has  established  anything  whatever  with  regard  to  a  puticu- 
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lar  organ  or  sabetratnm  of  the  menial  phenoraaia^  it  ii  fliat 
organ  or  sabstzatom  is  the  brain. 

Bat  the  inquiry  most  next  be  raised :  How  doea  one  knoir  tliak 
one  has  a  brain,  which  may  seire  as  the  real  anbatrahim  of  the 
phenomena  of  one's  conacioosneas  ?  It  acaroely  need  be  aaid  tfait 
no  one  has  ever  had  any  evidence  piiesented  directlj  to  the  acnseo 
that  such  organ  exists  within  his  own  cranial  cairity.  To  be  eon- 
scions,  and  at  the  same  time  to  obsenre  the  aabstratom  of  ooe*8 
consciousness,  is  an  unattainable  opportonity.  It  may  even  be 
that  the  ego  (the  "  I "  of  consciousness)  which  ia  engaged  in  the 
search  for  its  own  real  being  in  a  material  substratum  has  nerer 
seen  so  much  as  a  single  human  brain.  It  is  certain  that  no  ego 
has  directly  observed  the  molecular  changes  of  any  central  nerroos 
mass,  whether  belonging  to  another  or  to  itself  when  such  masB 
was  engaged  in  the  activities  whose  resultant  the  phenomena  of 
consciousness  are  claimed  to  be.  Since  there  is  such  scarcity  of 
direct  ocular  and  tangible  demonstration  of  a  special  relation  be- 
tween the  brain  and  mental  phenomena,  it  is  plain  that  the  testi- 
mony of  experts  must  be  summoned.  Resort  must  be  had  to  the 
great  anatomists  and  experimental  physiologists  who  have  had  most 
experience  as  to  the  struchire  and  functions  of  the  brain-mass. 

It  must,  of  course,  be  confessed  that  no  expert  has  any  more 
direct  evidence  than  every  self-conscious  ego  has  of  the  existence 
of  a  real  material  structure  called  brain,  which  may  account,  by  its 
presence  and  activities,  for  his  own  mental  phenomena.  Nor  can 
he  oflfer  any  evidence  peculiar  to  himself  for  his  belief  that  the  par- 
ticular ego  which  each  one  calls  **  myself"  is  connected  with  a  brain. 
How  many  soever  other  brains  he  may  have  seen,  he  only  knows 
by  a  series  of  very  indirect  and  complicated  inferences  that  any 
individual  whose  brain  he  has  not  seen  really  possesses  one.  But 
whence  these  inferences  ?  and,  What  are  the  grounds  on  which  the 
confidence  attached  to  them  is  based  ?  To  these  questions  only 
one  answer  is  possible.  The  inferences  themselves  are  acts  of 
knowledge,  modes  of  consciousness,  phenomena  of  mind.  The 
only  possible  grounds  of  confidence  in  them,  as  valid  inferences, 
must  bo  referred  back  to  our  inherent  faith  in  the  power  of  the 
mind  rightly  to  infer,  from  its  own  phenomena,  the  real  eidstence 
of  beings  the  phenomena  of  which  it  has  never  perceived.  More- 
over, if  the  mind  had  perceived  the  phenomena  of  its  own  brain, 
there  could  be  nothing  in  the  phenomena  themselves  to  account  for 
the  power  to  make  inferences  which  belong  to  it  as  mind.  On  the 
ground,  then,  of  an  inferred  reality  called  the  brain,  I  am  asked 
to  dispense  with  my  confidence  in  the  reality  of  the  being  which 
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makes  the  inference,  and  which,  at  the  same  time,  makes  a  much 
more  irresistible  inference  as  to  its  own  reality  as  an  active  infer- 
ring force. 

§  5.  The  case  is,  however,  by  no  means  so  favorable,  as  the  state- 
ment just  made  would  imply,  for  that  phase  of  scientific  material- 
ism which  refers  the  phenomena  of  consciousness  to  the  brain  as 
their  sole  cause.  For  it  is  not  in  the  brain,  as  a  mere  mass  of  mat- 
ter whose  structure  and  mechanical  functions  can  be  made  obvious 
to  any  intelligent  observer,  that  the  real  substratum  of  mental  phe- 
nomena must  be  sought  Considered  as  such  a  mass,  this  organ 
is  no  better  than  any  other  similar  soft  and  pulp-like  bulk.  It  is 
the  wonderful  molecular  constitution,  atomic  play,  and  changing 
dynamic  relations  of  the  invisible  particles  of  this  mass,  which  are 
responsible  for  its  unique  functions.  In  all  the  first  Part  of  our 
investigation  we  saw  how  necessary  physiology  finds  it  to  regard 
the  nervous  centres  as  molecular  mechanisms.  Nothing  that  is  in 
itself  of  first  importance  appears  to  the  eye  of  the  observer  who 
looks  upon  the  freshly  extracted  mass  of  the  human  brain.  And 
when  this  mass  has  been  skilfully  prepared  for  investigation  under 
the  microscope,  the  investigation  itself  does  not  reveal  directly,  to 
the  highest  magnifying  powers  of  the  glass,  the  ultimate  agents 
in  the  wonderful  drama  it  has  been  playing.  These  agents  are  the 
atoms,  to  whose  real  being  and  so-called  *'  inherent "  forces  all  that 
is  done  by  the  compUcated  mechanism  must  be  referred.  But  the 
existence  of  the  atoms  as  real  beings,  capable  of  acting  on  each 
other  and  of  being  acted  on — how  shall  tiiis  remote  and  obscure 
fact  be  ascertained  ?  And  how  shall  we  learn  what  is  the  nature  of 
these  beings,  so  as  to  determine  whether  or  not  they  are  capable 
of  performing  the  stupendous  task  of  bringing  forth  the  various 
mental  phenomena  ? 

In  attempting  to  answer  the  last  two  questions  we  are  in  great 
danger  of  losing  completely  all  that  we  have  taken  most  pains  to 
gain.  It  is  to  the  all-powerful  "  atoms,"  with  their  potent  forces, 
that  we  are  now  looking  as  the  real  subjects  at  once  of  the  molec- 
ular changes  in  the  brain-mass  and  of  the  phenomena  of  conscious- 
ness. From  these  real  beings  and  their  relations  there  must  be 
derived,  not  only  the  activities  which  all  ascribe  to  nervous  matter, 
but  also  those  which  some  are  constrained  to  ascribe  to  conscious 
mind.  And  yet,  how  do  we  know  that  any  real  beings  whatever 
called  atoms  exist  ?  Certainly  not  by  direct  evidence  of  any  of  the 
senses.  Not  even  the  most  pronoimced  materialist  would  venture 
to  afiirm  that  he  has  seen  or  touched  an  atom,  or  can  demonstrate 
its  existence  and  nature  to  ordinary  observation  through  the  human 
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aenaes.  Atoms  are  supenensSble  beinga.  MoreoTer,  they  are  hjpo* 
thetieal  exiatencea,  or  beinga  whoae  existence  ia  inferred  in  an  ex- 
tremely roundabout  way  in  order  that  we  may  be  able  to  give  to 
oorselTea  a  rational  account  of  the  grounda  on  which  certain  rlaaBm 
of  phenomena  rest 

The  phenomena  whose  rational  explanation  seems  most  peremp- 
torily to  demand  some  hypothesis  of  atoms  are  the  phenomena  of 
chemistry.  Wlien,  however,  the  further  inquiry  is  raised  as  to  the 
real  nature  of  the  atoms,  it  is  found  that  modem  physical  science 
is  by  no  means  satisfied  with  its  own  answer.  Dynamical  theories, 
tending  to  resolve  the  atoms  into  mathematical  points  acting  as 
mere  centres  of  force,  contend  with  other  more  realistic  theories 
which  regard  the  atoms  as  simply  the  smallest  bits  of  matter  into 
which  we  can  by  any  known  means  break  up  the  larger  collections. 
What  is  meant  by  the  forces  being  *'  inherent "  in  the  atoms  is  i 
still  more  difficult  question  to  answer.  Indeed,  to  this  question  do 
answer  can  be  given  which  gets  much  beyond  the  simple  declan- 
tion  of  the  facts  of  experience  ;  that  is  to  say,  these  hypothetical 
and  yet  sole  real  material  beings  are  always  supposed  to  behave, 
with  respect  to  their  motions,  in  the  same  way  under  the  same  re- 
lations, and  something  can  be  done  by  science  toward  measuring 
their  various  motions  in  terms  one  of  the  other. 

Moreover,  the  best  efforts  of  modem  investigation  to  describe 
the  nature  of  the  atoms  appear,  not  only  incomplete,  but  ako,  in 
certain  particulars,  self-contradictory.  It  is  certain  that  the  atom 
cannot  be  regarded  as  an  independent  reahty.  What  it  is  can  onlv 
be  described  by  telling  what  it  does  ;  but  in  telling  what  U  does 
we  always  find  ourselves  implying  certain  relations  to  other  atoms. 
That  is  to  say,  we  know  nothing  about  the  nature  of  any  of  the 
atoms  which  does  not  involve  also  complicated  hypotheses  concern- 
ing its  mo<le  of  behavior  as  caused  by  the  presence  and  mode  of 
behavior  of  other  hyix)t.hctical  beinga  In  this  way  the  reahty  of 
the  atoms  is  made  ultimately  to  depend  on  the  reality  of  some  form 
of  being  that  binds  them  together,  as  it  were,  and  makes  tliem 
work  to  a  unity  of  plan.  But  here,  again,  we  are  reminded  that  we 
can  form  no  conception  of  a  *'  plan  "  which  is  not  a  phenomenon  of 
mind,  and  no  conception  of  a  '*  unity  *'  that  does  not  depend  upon 
the  unifying  actus  of  the  mind.  Moreover,  all  ideas  of  **  i^elation  " 
are  dependent  upon  mental  activities  that  are  quite  without  phys- 
ical analog}'.  All  "Things"  are  made  into  the  luiits  which  they 
appear  to  be  by  the  unifying  action  of  the  mind.  Such  action  is 
implied  in  perceivinpr  the  things  ;  for  the  study  of  perception,  from 
the  physiological  point  of  view  even,  has  enabled  us  to  show  that 
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no  so-called  ''thing"  is  a  ready-made  material  product,  appre- 
hended by  mind  in  a  form  which  is  a  copy  of  some  extra-mental 
being.  In  trying,  therefore,  to  comprehend  what  is  the  nature  of 
those  real  beings  (the  atoms),  on  whose  existence,  activity,  and  rela- 
tions all  mental  phenomena  are  assumed  by  Materialism  to  depend, 
we  find  that  the  picture  we  frame  of  them  is  the  work  of  the  mind. 

§  6.  Accordingly,  the  whole  course  of  argument  and  the  whole 
weight  of  conviction  appear  to  be  the  reverse  of  what  is  assumed 
by  the  objector  to  the  reality  of  mind.  The  material  molecules  of 
the  brain  are  not  beings  about  the  reality  and  exact  nature  of  which 
we  have  the  most  indubitable  evidence — evidence  so  indubitable 
that  we  may  venture  to  press  it  into  the  contradiction  of  the  more 
immediate  data  of  consciousness.  If  these  elements  of  all  physical 
being  are  real,  they  come  to  us  as  inferences  and  hypotheses ;  they 
involve  a  vast  amount  of  conjecture,  indirect  inference,  and  unsolved 
difficulties,  or  even  contradictions.  And  if  we  ask,  On  what  au- 
thority are  these  inferences  made  ?  Whence  comes  the  demand  for 
any  rational  explanation  whatever  ?  Where  do  the  conjecture,  liy- 
pothesis,  and  sense  of  difficulty  and  seeming  contradiction  exist? 
then  the  only  answer  to  be  given  to  all  these  questions  refers  them 
to  the  Mind.  What  atoms  and  forces  and  laws  can  be,  or  mean, 
without  the  being  and  activity  of  self-conscious  mind,  ia  even  harder 
to  conjecture  than  what  a  color  can  be  which  is  not  seen,  a  sound 
which  is  not  heard,  an  odor  that  is  not  smelled. 

And  now  let  the  attempt  of  materialistic  theory  be  made  anew  ; 
let  it  be  assumed  that  the  phenomena  of  consciousness  have  no 
real  subject  in  the  mind.  Such  phenomena  must,  accordingly,  be 
attributed  to  the  peculiarly  constituted  and  mutually  interacting 
molecules  of  the  brain.  But  these  supreme  physical  beings  are 
themselves,  as  far  as  they  are  the  object  of  knowledge,  pre-r;mi- 
nently  mental  creations ;  and  the  sole  warrant  for  carrying  them 
over  into  the  realm  of  extrarmental  reality  connists  in  certain  irre« 
sistible  convictions  or  assumptions  of  mind.  To  make  their  real 
being  the  account  of  the  mental  phenomena,  and  thus  to  deny  the 
real  being  of  the  subject  of  mental  phenomena,  is  not  only  to  ex- 
plain what  is  most  direct  and  certain  by  what  is  most  indirect  and 
uncertain  ;  it  even  involves  the  wonderful  panulox,  that  Ih^  one  be* 
ing  in  whose  active  energizing  all  cf/ncejtiifmH  of  all  real  fjeing  arine, 
feels  justified  in  denying  its  oicn  reality  in  the  nuppfjued  faw/r  of  eer- 
tain  of  its  most  remote  and  dofihtful  ctmcejAUms, 

§  7.  What  is  meant  by  affirming  the  reality  of  mind  mtij  be 
made  obvious  by  pursuing  the  following  train  (d  refihctumn :  In 
the  development  of  the  mental  life  its  phenomena  ccrme  ineviiabljr 
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to  divide  themselves  into  two  great  dassea  As  it  appears  to  adult 
experience,  not  only  the  unfolding,  but  even  the  very  existence  of 
self-consciousness  seems  to  involve  the  distinction  between  the  ego 
and  the  non-ego — between  the  "I "  with  its  states,  and  the  "Things" 
which  it  knows  with  their  manifold  properties  or  attributea  Each 
of  these  two  classes  of  phenomena — the  so-called  subjective  and  the 
so-called  objective — is  inevitably  attributed  in  consciousness  to  a 
different  subject ;  the  one  to  the  "  I "  as  its  own  states,  the  other  to 
somewhat  left  undefined,  except  that  it  is  not  the  "  I,"  and  is  called 
"matter,"  "material  substance,"  etc.  (the  unknown  X  which  is  not 
I).  It  is  only  as  involving  aU  this  mental  process  that  any  real 
being  is  known  or  believed  to  exist ;  but  the  mind  in  the  develop- 
ment of  experience  inevitably  completes  the  process,  which  involves 
the  assumption  that  real  beings  do  exist,  and  that  all  these  real 
beings  are  either  "  things,"  such  as  I  know,  or  myself  and  other 
conscious  beings,  such  as  I  am.  What  any  real  being  is  can  only 
be  told  by  an  enumeration  of  its  so-called  attributes ;  and  this  is  as 
true  of  myself  as  of  the  things  which  I  know.  It  is  also  as  true  of 
them  as  it  is  of  myself.  If  the  foregoing  statements  covered  the 
entire  case,  it  would  simply  be  true  that  I  have  no  better  reason 
for  attributing  a  real  Being  to  any  material  thing  than  to  the 
subject  of  consciousness.  But  we  have  already  seen  that  the  pro- 
cess by  which  we  reach  the  real  being  of  the  molecules  of  the 
brain  is  much  more  indirect  and  doubtful  than  that  by  which  we 
reach  the  affirmation  of  a  real  being  for  the  things  of  daily  experi- 
ence and  for  the  subject  of  all  that  experience. 

§  8.  Peculiar  and  cogent  reasons  may  be  given,  however,  which 
further  enforce  and  verify  the  assumption  of  a  real  existence  for 
the  Mind.  We  have  seen  (comp.  Part  IL,  chap.  X.,  and  the  pre- 
ceding chaps,  of  Part  TIL)  that  there  is  a  class  of  so-called  mental 
faculties,  most  important  and  distinctive,  for  the  distinguishing 
characteristic  of  which  no  physical  analogies  or  correspondences 
whatever  can  be  discovered  or  imagined.  This  is  true  of  memory 
as  active  reminiscence,  of  the  unity  of  consciousness,  of  voluntary 
attention,  and  of  the  relating  activity.  The  existence  of  these 
modes  of  mental  behavior  requires  the  assumption  of  a  charac- 
teristic real  being,  other  than  the  molecules  of  the  brain,  to  which 
they  may  be  referred.  Some  of  these  modes  of  behavior  are  con- 
spicuously unintelligible  and  meaningless  without  granting  such 
an  assumption.  For  example,  an  act  of  recollection  involves  the 
presence  in  consciousness  of  a  state  the  very  essence  of  which  is 
that  it  claims  to  represent  (or  stand  for)  an  absent  past  state  of 
consciousness,     ^o  way  of  verifying  this  claim  which  does  not 
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inTolve  its  acceptance  can  possibly  be  devised.  But  the  present 
state  of  memory  is  a  state  of  my  consciousness,  and  the  state  which 
it  claims  to  represent  was  also  a  state  of  my  consciousness.  To 
recollect  the  past  state  of  another  consciousness  than  my  own  in- 
Tolves  an  absurdity ;  to  recollect  a  past  state  otherwise  than  as 
represented  in  a  present  state  of  my  own  consciousness  also  involves 
an  absurdity.  Of  course,  such  reflection  upon  the  nature  of  the 
act  of  memory  affords  no  demonstration  of  the  claim  that  the  sub- 
ject of  the  present  state  is  one  and  the  same  real  being  with  the 
subject  of  the  past  state.  On  the  contrary,  all  demonstration  itself 
rests  on  this  assumption  ;  for  without  accepting  it  as  valid  we  could 
not  reach  the  conclusion  of  any  demonstration.  The  premises  of 
every  syllogism  are  connected  with  one  another  and  with  their 
conclusion  in  a  living  unity  of  thought,  only  on  the  assumption 
that  one  real  being  is  the  subject  of  each  of  the  thoughts  which 
constitute  the  syllogism. 

To  "  6e  really"  and  to  be  the  one  permanent  subject  of  changing 
states,  are,  in  our  conception,  but  different  ways  of  expressing  the 
same  trutL  That  really  is  which  is  such  a  subject  of  its  own 
states.  It  is  for  this  reason  that  modem  physical  science  regards 
the  atoms  as  having  a  permanent  reality  which  does  not  belong 
to  the  composite  structures — the  things  of  our  experience — into 
which  the  atoms  enter.  Every  "  Thing  "  may  perish — that  is  to 
say,  as  such  thing,  it  may  cease  to  be  the  object  of  observation, 
the  subject  of  states.  But  the  atoms  are  supposed  to  remain  with 
unchanged  natures  through  all  the  changes  of  relation  which  they 
may  undergo  toward  other  beings  with  somewhat  similar  natures. 
Even  if  we  were  obliged  to  adopt  the  hypothesis  of  a  constant 
change  of  states  in  the  interior  of  the  atoms,  since  every  atom 
shows  a  variety  of  possible  activities  according  to  the  relations  in 
which  it  stands  for  the  time  to  other  atoms,  it  is  not  considered 
to  have  lost  its  real  being  or  distinctive  nature  by  changing  its 
states.  For  it — the  atom — can  be  brought  into  the  same  relations 
again,  and  then  it  wdll  again  display  the  same  modes  of  behavior. 
Its  reality  does  not  depend  upon  its  interior  rigidity,  the  unchang- 
ing nature  of  its  being  ;  it  rather  depends  upon  its  capacity  for 
being  the  subject  of  so-called  states,  and  for  following  a  law  or  an 
idea  which  recalls  it,  as  it  were,  to  the  same  states  when  the  same 
circumstances  recur. 

How  can  it  be  denied  that  all  our  conceptions  of  the  atoms  as 
enduring  subjects  of  various  states  are  derived  from  our  experience 
with  ourselves?  The  **  I  '*  which  is  the  subject  of  all  consciousness 
is  accustomed  to  attribute  to  itself  every  state  of  that  great  variety 
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into  which  consciousDess  may  be  shaped.  The  siatefl  are  changing; 
they  have  a  transitory  and  phenomenal  being.  Bat  they  are  iXL 
states  attributable  to  one  subject  On  what  ground,  then,  shall  one 
undertake  to  deny  the  confidence  which  the  soul  comes  to  have  in 
itself  as  the  real  and  permanent  subject  of  its  own  states  ?  For  we 
can  form  no  conception  of  real  being  at  all  which  is  not  modelled 
after  this  pattern.  To  have  a  variety  of  changing  states  attributed 
to  it  as  the  subject  of  them  all — ih^is  is  to  demonstrate  in  consdous- 
ness  a  claim  to  real  Being,  Unchanging  rigidity,  the  permanence 
of  the  mathematical  point  or  of  the  material  atom,  on  the  supposi- 
tion that  the  latter  undergoes  no  interior  changes  whatever,  if  such 
rigidity  and  permanence  anywhere  exist,  constitutes  no  claim  to  the 
title  of  real  being. 

The  soul  exists  in  reality,  above  all  other  kinds  of  being,  because 
it  alone,  so  far  as  we  know  on  good  evidence,  knows  itself  as  the 
subject  of  its  own  states ;  or,  indeed,  knows  the  states  of  which  it 
is  the  subject  as  states  belonging  to  itself.  But  its  law  is  that  of 
development ;  and,  unlike  all  "  things  "  which  are  subjects  of  va- 
rious kinds  of  evolution,  so  called,  the  soul  can  recognize  the  law 
of  its  own  being.  When,  therefore,  we  are  asked  what  the  Mind 
really  is,  we  can  respond  by  teUing  what  it  comes  to  be  as  the  re- 
sult of  its  imf  olding  under  the  fixed  conditions  of  its  native  powera. 
But  these  **  powers  "  cannot  be  called  native,  as  though  they  were 
actufU  achievements  of  the  mind's  inborn  faculties,  or  separate  forms 
of  energy  inherent  in  it,  after  the  analogy  of  the  forces  said  (some- 
what unintelligibly,  it  must  be  admitted)  to  be  "  inherent "  in  the 
atom. 

But  we  do  not  define  the  nature  of  any  real  being  simply  by 
stating  how  it  appears  and  behaves  in  its  most  germinal  and  unde- 
veloped form.  The  tree  explains  the  seed ;  the  adult  bird,  the 
egg  ;  the  character  of  the  highly  differentiated  product  must  be 
studied  in  order  to  know  the  full  description  of  the  energies  that 
are  potentijil  in  the  simpler  stages.  It  is  an  undoubted  fact  that 
the  mind  has  a  history  in  each  individual  case  ;  and  in  each  case 
such  historj'  is  a  development.  The  great  service  which  Physiolog- 
ical Psychology  has  rendered  to  the  general  science  of  mind  con- 
sists in  its  description  of  the  nature  and  stages  of  this  development, 
so  far  as  concerns  the  phenomena  of  sensation  and  perception  by 
the  senses.  This  self-recognizing  unity  of  development  which  be- 
longs to  the  mind  is  a  striking  proof  of  the  validity  of  its  claim  to 
be  considered  a  real  being.  As  the  being  which  acts  and  knows 
itself  as  acting,  which  is  acted  upon  and  knows  itself  as  affected, 
which  is  the  aubiect  of  states  and  itself  attributes  these  states  to 
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itself,  "whioh  derelope  according  to  a  plan  and  so  remembers  and 
comprehends  the  significance  of  its  past  states  that  it  can  recognize 
the  fact  of  its  own  development — as  such  a  being  the  Mind  is  more 
entitled  to  consider  itself  "  real "  than  to  consider  real  any  of  the 
various  objects  that,  immediately  or  indirectly,  appear  before  it  in 
the  course  of  its  history. 

§  9.  The  question  whether  the  mind  is  to  be  spoken  of  as  non- 
material  or  "  spiritual "  scarcely  merits  the  grave  and  lengthy  dis- 
cussion to  which  it  has  often  been  carried.  Materialily,  as  predi- 
cated of  any  real  being,  is  only  a  complex  term  including  a  num- 
ber of  so-called  attributes,  which  are  all  the  subjects  of  exi)erience 
only  as  belonging  to  individual  things.  All  real  things  are  to  be 
called  material  which  have  these  attributes,  so  called.  Primarily,  as 
has  been  frequently  shown  already,  the  attributes  are  simply  modes 
of  the  affection  of  the  mind  which  we  have  learned  to  localize  and 
objectify  as  belonging  to  extra-mental  reality.  But  if  we  raise  the 
question  whether  the  Mind,  too,  is  known  to  itself  as  having  those 
attributes  which  make  up  our  complex,  general  notion  of  "  materi- 
ality,'' no  one  would  find  it  easy  to  think  of  giving  this  question  an 
afi&rmative  answer.  The  mind  attributes  to  ''  things"  the  qualities 
of  extension,  impenetrability,  and  all  the  various  subordinate  mod- 
ifications of  these  qualitie&  It  perceives  these  things  as  colored, 
cold,  hot,  rough,  smooth,  etc.  But  it  does  not  attribute  such  quali- 
ties to  itself  ;  it  can  find  nothing  in  the  modes  in  which  it  mani- 
fests itself  to  itself  which  would  warrant  the  application  of  similar 
terms  to  these  modes  of  its  own  behavior. 

Indeed,  all  the  terms  which  do  apply  to  the  recognized  qualities 
of  mind  have  to  be  understood  as  figurative  when,  having  been 
borrowed  from  physical  relations,  they  are  made  to  apply  to  psychi- 
cal statea  Even  in  those  cases  where  the  analogy  seems  almost 
to  amount  to  an  identity,  closer  inspection  shows  that  this  seem- 
ing does  not  correspond  to  the  actual  fact  For  example,  we  do 
attribute  quantity  to  sensations  and  feeling.  But  when  the  suffer- 
ing from  pressure  becomes  more  intense,  we  do  not  regard  the 
mind  as  actually  passing,  like  some  material  thing,  under  a  heav- 
ier load  {suhfero),  against  which  it  must  either  bear  up  or  break, 
through  the  physical  strain.  Just  so,  movements  of  the  mind  are 
not  to  be  defined  as  changes  of  its  position  with  relation  to  other 
things  in  space.  We  are,  then,  surely  warranted  in  afi&rming  that, 
so  far  as  the  mind  has  any  immediate  information  as  to  what  quali- 
ties should  be  assigned  to  itself  and  what  to  ''things  " — which  it 
always  looks  upon  as  not-itself — it  Lb  compelled  to  regard  itself  as 
wan-material. 
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We  have  no  way,  however,  of  telling  what  is  the  nature  of  any 
so-called  real  being  except  by  enumerating  its  qualities,  or  those 
modes  of  behavior  which  we  attribute  to  it  on  account  of  its  affect- 
ing our  consciousness  in  certain  definite  ways.  To  attempt  to  re- 
gard the  mind  as  material,  when  it  manifests  itself  to  itself  as 
non-material,  compels  us  either  to  use  the  word  '*  material "  in  an 
unwonted  and  unauthorizied  way,  or  else  to  attaibute  to  mattar  in 
general  certain  occult  powers  which  it  never  manifests  itself  to  the 
mind  as  possessing,  and  which  make  it  really  to  be  quite  different 
from  what  its  manifestation  of  itself  would  indicate. 

The  only  way  of  maintaining  the  materiality  of  mind  would  then 
appear  to  be  that  of  denying  its  real  existence  at  all,  and  of  attrib- 
uting its  phenomena  to  the  material  molecules  of  the  brain  as  their 
real  and  material  substratum  or  basia  But  the  untenable  nature 
of  this  view  has  already  been  sufficiently  indicated.  Or  perhaps  a 
strong  temptation  may  be  again  felt,  at  this  point,  to  recur  to  the 
hypothesis  of  a  third  somewhat,  a  "  two-faced  unity,"  which  is  the 
ground  of  the  phenomena  of  both  body  and  mind.  But  such  hypoth- 
esis can  throw  no  light  whatever  on  the  inquiry  whether  the  mind 
is  material  or  non-material.  The  phenomena  we  call  "mental,'* 
and  attribute  to  the  subject  of  consciousness,  would  remain  just  as 
radically  unlike  those  which  we  call  **  physical,"  and  attribute  to 
matter,  after  making  the  hypothesis  as  before.  And  to  the  hj-poth- 
esis  itself  the  same  objections  would  remain  opposed. 

The  negative  conclusion  that  mind  is  non-material  is  quite  in- 
evitable for  everyone  who  admits  that  mind  is  a  real  being  with 
any  nature  whatever. 

§  10.  It  is  not  difficult,  also,  to  show  that  we  must  make  the  cor- 
responding positive  statement,  and  affirm  the  spirituality  of  mind. 
This  we  can  do  with  confidence,  however,  only  so  long  as  we  mean 
by  the  term  "spirituality  "  simply  to  sum  up  and  express  in  one  woi-d 
the  list  of  attributes  which  describes  the  known  activities  of  mind. 
To  perceive,  feel,  think,  will — in  brief,  to  be  conscious  in  some  one 
of  the  various  forms  of  conscious  life — this  is  to  be  positively  spirit- 
ual, in  the  only  sense  in  which  we  are  entitled  to  affirm  spirituality 
of  mind  as  sucL  As  soon  as  we  conceive  of  spirituality  as  some 
ethereal  extension  of  thinking  substance,  we  enter  upon  the  vain 
effort  to  conceive  of  mind  under  terms  of  matter,  and  at  the  same 
time  escape  the  consequences  of  so  conceiving  of  it.  Nor  can  we 
hope  to  vindicate  for  the  mind  such  spirituality  as  would  be  imphed 
in  its  being  freed  from  all  relations  to  material  things,  or  from  de- 
pendence for  the  modes  of  its  being  upon  the  material  substratum 
of  the  brain.     How  spirit,  in  the  sense  of  disembodied  or  unem- 
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bodied  mind,  would  perceiye,  and  feel,  and  think,  and  will,  is  a  ques- 
tion toward  the  answer  to  which  we  can  make  no  beginning.  To 
attempt  its  answer  at  all  involves  us  in  the  vain  effort  to  use  the 
very  relations  which  are  most  inseparately  connected  with  the  con- 
scious activity  of  the  mind  in  such  way  as  to  escape  from  the  con- 
trol of  the  relations  themselves. 

It  is  true,  nevertheless,  that  a  marked  difference  exists  in  the 
directness  and  intimacy  which  belong  to  different  classes  of  mental 
states,  as  regards  their  comparability  to  the  classes  of  physical 
stimuli  which  rouse  the  mind  to  its  fundamental  activities.  Those 
which  appear  to  be  most  indirectly,  and,  as  it  were,  loosely  related 
to  these  fundamental  activities  are  fitly  most  reUed  upon  to  show 
the  spiritual  nature  of  mind.  To  control  the  mental  train  as  dis- 
tinguished from  being  a  passive  member  of  a  mental  mechanism, 
to  reason  so  as  to  deduce  conclusions  and  make  inductions  to  gen- 
eral laws,  to  recognize  the  call  of  duty,  and  to  call  up  and  classify 
in  the  consciousness  the  lofty  and  complex  ideas  which  answer  to 
words  like  **  beauty,"  "  truth,"  and  "  God  " — ^these  and  other  simi- 
lar operations  of  the  mind  pre-eminently  emphasize  its  spirituality. 

§  11.  In  somewhat  the  same  way  must  it  be  admitted  that  the 
question  of  the  unity  of  mind  has  given  rise  to  much  fruitless  and 
by  no  means  altogether  pertinent  debate.  The  attempt  to  conceive 
of  the  mind  as  a  unit-being,  constituted  after  the  analogy  of  those 
physical  structures  which  we  are  accustomed  to  regard  as  unities, 
inevitably  leads  to  confusion  and  error.  The  important  psycho- 
logical fact  is,  that  there  is  no  one  of  these  physical  unities  which 
does  not  derive  its  unity  from  the  unifying  actus  of  the  mind.  This 
statement  is  true  of  each  such  so-called  unity,  whether  it  is  per- 
ceived as  one  or  is  conceived  of  as  one.  The  unity  which  belongs 
to  the  percept  finds  its  source  in  the  synthetic  activity  of  the  per- 
ceiving mind ;  the  unity  of  the  conception,  in  the  unifying  activity 
of  the  mind's  relating  faculty.  It  is  sometimes  supposed,  however, 
that  an  atom  which  should  have  no  parts,  be  perfectly  homogeneous 
throughout,  and  so  incapable  of  changes  of  its  interior  states,  would 
be  the  highest  possible  type  of  a  unity  of  real  being.  Nothing 
could  ever  happen  to  disturb  or  destroy  such  a  unity.  Wherever 
in  all  space  it  might  be  moved,  or  whatever  in  all  time  might  hap- 
pen to  it,  it  could  ex  hypothesi  never  be  made  two.  If,  now,  such  a 
unit-atom  were  to  be  endowed  with  consciousness  and  spiritual  be- 
ing, how  secure  would  its  unity  continue  to  be !  Unlike  the  mind 
of  man,  it  could  not  fear  that  some  rude  concurrence  of  other 
atoms,  not  of  the  right  affinities,  or  setting  themselves  in  untoward 
relations,  would  dissolve  its  complex  material  substratum  and  ao 
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destroy  its  spiritual  onenesa  The  molecules  of  the  human  brain 
are  in  number  beyond  computation ;  they  are  highly  complex  and 
unstable  compounds  ;  they  are  not  so  protected  by  their  indosure 
in  the  cranial  cavity  as  to  make  them  invulnerable  against  all  man- 
ner of  assaults.  In  how  dangerous  a  position,  then,  is  this  so  highly 
valued  unity  of  our  present  spiritual  organization  I 

Now,  it  must  be  admitted  that  such  a  thinking  atom  would  be  in 
far  less  danger  of  suffering  from  the  death  of  the  physical  basis  of 
its  thought  than  is  the  thinking  man.  But  two  considerations  of 
great  importance  are  likely  to  be  overlooked  in  the  mere  making 
of  the  hypothesis  of  such  an  atom.  Surely  such  an  atom  could  hard- 
ly have  any  experience  corresponding  to  what  we  call  the  unity  of 
our  consciousness  ;  and  if  it  had  any  unity  of  consciousness  what- 
ever, such  unity  could  no  more  be  explained  as  arising  out  of,  or 
conditioned  upon,  the  simplicity  of  the  physical  being  of  the  atom 
than  the  unity  of  our  consciousness  can  be  explained  as  arising  out 
of,  or  conditioned  upon,  the  complexity  of  our  physical  being. 

It  is  impossible  to  see  how  a  unity  of  consciousness  at  aU  resem- 
bling what  we  understand  by  the  term  could  find  an  adequate  ma- 
terial substratum  in  a  single  rigid  atom.  In  other  words,  if  a  spirit- 
ual being  having  a  unity  of  consciousness  were  brought  into  special 
psycho-physical  relations  with  a  material  being  incapable  of  any 
interior  changes,  because  possessed  of  no  parts  to  undergo  change, 
these  relations  would  have  to  be  totally  different  from  any  which 
we  can  conceive  of  as  holding  between  the  body  and  mind  of  man. 
For  the  very  nature  of  the  mind's  unity  is  dependent  upon  that 
variety  of  experiences  which  is  occasioned  in  the  mind  through  the 
changing  states  of  the  brain.  The  physical  basis  of  the  human 
mind  is  undoubtedly  an  extremely  complex  system  of  interacting 
molecules.  Certain  relations  can  be  traced  between  the  character 
of  these  physical  interactions  and  the  character  of  the  states  arising 
in  the  mind.  These  states  depend  for  their  character,  and  even  for 
their  very  existence,  upon  the  occurrence  of  the  corresponding 
material  changes.  A  brain  that  is  not  in  a  ceaseless  change  of  ac- 
tivities of  the  peculiar  sort  called  **  neural  "  is  a  dead  brain,  so  far 
as  its  influence  on  the  mind  is  concerned  ;  such  a  brain  could  not 
serve  as  the  substratum  or  physical  cause  of  mental  phenomena. 
Comparative  anatomy  shows  us  that  the  greater  the  number  of 
molecules,  and  the  larger  the  variety  and  the  size  of  the  organs 
specially  related  to  the  mental  processes,  the  richer  in  variety  and 
nobler  in  quality  the  mental  processes  themselves  become.  More- 
over, so  far  as  we  can  ascertain,  the  highest  unity  of  consciousness 
belongs  in  conu^elioii  mth  the  ^eatest  complexity  of  the  material 


THB  UNITY   OF  THE  ATOM.  685 

substratunL  The  animals  which  have  the  largest  cerebral  develop- 
ment appear  to  have,  too,  not  only  the  most  manifold  and  extensive 
mental  life,  but  also,  in  the  highest  degree,  the  capacity  for  attrib- 
uting the  phenomena  of  that  life  to  one  subject  Those  psychical 
activities  which  are  connected  with  the  physical  interaction  of  the 
greatest  number  of  material  elements  are  the  most  numerous  and 
significant ;  and  they  are,  also,  actually  most  perfectly  harmonized 
into  a  higher  unity  of  spiritual  self-conscious  being. 

§  12.  No  information  derived  from  the  study  of  Physiological 
Psychology  warrants  us  in  affirming  that  a  highly  developed  self- 
conscious  existence  must,  from  the  universal  necessities  of  the  case, 
be  united  with  a  vastly  complex  material  structure  like  the  human 
brain.  Such  study  does,  however,  compel  us  to  affirm  that  such 
a  imity  in  variety  as  is  the  human  mind  cannot  be  conceived  of 
in  dependence  upon  the  movements  in  space  of  a  single  perfectly 
rigid  and  unchanging  atom.  The  development  of  human  experi- 
ence is  conditioned  upon  the  arising  in  consciousness  of  many 
sensations  of  varied  quantities,  qualities,  and  orders  in  time  ;  upon 
the  synthesis  of  these  sensations  into  presentations  of  sense  ;  and 
upon  the  recall  of  the  presentations  in  the  form  of  representa- 
tive idea&  What  experience  would  be,  if  its  basis  were  not  laid 
in  such  rise  and  combination  and  recurrence  of  sensations,  we  can- 
not even  conjecture.  In  the  highest  flights  of  imagination,  in  the 
profoundest  explorations  of  reflection,  we  never  escape  out  of  the 
influences  arising  from  this  basia  The  nature  of  this  psychical 
basis  of  sensation  and  perception  depends  upon  the  nature  of  the 
physical  basis  of  the  living  and  acting  brain.  In  other  words,  what 
sensations  and  perceptions  constitute,  at  least  in  part,  the  "  stuff" 
of  all  consciousness  depends  upon  what  the  molecules  of  the  cen- 
tral nervous  system  are  doing.  We  cannot  even  conceive  of  any 
other  relations  as  possible  between  the  mind,  on  the  one  hand, 
and  the  brain,  on  the  other,  than  relations  between  a  system  of 
moving  molecules  and  a  corresponding  change  of  conscious  states. 

§  13.  Furthermore,  the  unity  of  a  single  indestructible  and  eter- 
nally imchanging  atom  would  afford  no  explanation  of  a  mental 
unity.  In  the  case  of  man's  mind  and  brain,  the  variety  of  the 
nervous  changes  in  port  explains  the  variety  of  the  mental  states  ; 
but  nothing  in  the  changing  relations  of  the  innumerable  moving 
molecules  throws  any  clear  light  on  the  origin  of  the  unity  of  mind 
in  consciousness.  A  material  being  absolutely  without  distinction 
of  parts  would  be,  for  that  fact,  no  better  fitted  to  become  conscious 
of  itself  as  one.  A  series  of  states  of  consciousness  can  indeed  be 
attributed  by  our  imagination  to  such  a  being.     From  the  purely 
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psychological  point  of  view  we  can  conceive  of  the  unit-atom  as 
having  an  experience  resembling  our  own.  We,  in  our  oonscioiia- 
ness,  can  imagine  such  a  being  as  the  subject  of  states,  and  as 
attributing  each  of  these  states  to  one  and  the  same  subject- 
namely,  the  ''  I "  of  the  unit-atom — after  the  fashion  of  our  cus- 
tomary mental  behavior.  But  this  is  quite  a  different  thing  from  ex- 
plaining the  consciousness  of  such  an  atom  as  arising,  vnth  respect 
to  its  unity,  out  of  the  material  nature  of  the  atom.  By  the  veiy 
hypothesis,  the  material  nature  of  this  particular  kind  of  atom  can 
have  no  states ;  it  never  changes ;  it  is  always  the  same.  But  con- 
sciousness is  always  some  particular  definite  state ;  and  self-con- 
sciousness is  always  the  being  aware  of  some  particular  definite 
state.  There  is  no  consciousness  in  general ;  there  is  no  conscious- 
ness which  does  not  involve  change  of  state.  Indeed,  change  is  a 
reality  in  human  consciousness,  if  nowhere  else  in  the  universe  of 
being.  No  particular  state  of  consciousness,  whether  considered  aa 
involving  an  attribution  of  that  state  to  a  subject  or  not,  could  be 
explained  by  reference  to  the  material  nature  or  condition  of  such 
a  unit-atom. 

§  14.  The  foregoing  remarks  have  their  value  chiefly  as  a  warn- 
ing against  supposing  that  the  unity  of  the  soul's  real  being  suffers 
any  prejudice  because  it  is  not  to  be  regarded  or  explained  from  a 
point  of  view  furnished  by  physical  analogies.  To  be  one,  as  a  rigid 
material  atom  may  possibly  be  regarded  as  one,  would  be  no  ad- 
vantage to  the  soul.  Or  if  it  be  admitted  that,  in  case  it  had  such 
unity,  it  could  never  lose  its  real  being,  it  must  also  be  admitted  that 
we  are  unable  to  see  how  it  could  ever  gain  any  real  being  as  a  soul. 
If  the  unit-atom  could  never  die,  it  could  also  never  live — as  a  con- 
scious psychical  existence.  And  it  is  the  imity  which  the  mind 
plainly  has  in  self-consciousness  that  is  alone  worth  contending  for. 
If  the  mind  were  really — that  is,  regarded  aa  out  of  its  own  con- 
sciousness— one,  and  yet  two  or  more  in  consciousness,  it  would 
be  no  better,  but  rather  the  worse  off  If  it  were  really  one,  but 
were  obliged  not  to  know  itself  as  one,  and  could  never  be  aware 
of  its  own  states,  or  attribute  them  to  the  one  **  I "  which  is  the 
subject  of  them  all,  it  would  surely  be  the  worse  off.  To  be  one,  in 
the  only  meaning  of  the  word  that  is  of  real  value,  is  to  have  and 
to  keep  the  unity  of  consciousness.  If  this  imity  were  reaU}'  a  mere 
seeming — a  tiick  of  nature  to  cheat  the  mind — the  seeming  would 
forever  seem  real,  would,  indeed,  be  the  ground  of  all  reality  ;  the 
kfick  would  be  the  kindest  of  all  illusions,  and  one  from  which  we 
should  crave  never  to  be  set  free.  When,  then,  we  have  recognized 
the  fact  that  all  ordering  and  development  of  human  consciousness 
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implies  this  kind  of  unit-being  as  belonging  to  the  mind,  we  haye 
gone  as  far  in  vindication  of  the  mind's  rights  as  we  have  any  psy- 
chological interest  in  going. 

§  15.  That  the  mind  attributes  its  own  conscious  states  to  a  sub- 
ject of  such  states  (the  ''  I "  in  all  sentences  such  as  "  I  think,"  *'  I 
feel,"  etc.),  we  have  seen  it  necessary  to  admit  from  the  very  be- 
ginning of  our  psycho-physical  researche&  As  one  result  of  the 
study  of  perception  by  the  senses,  it  was  also  found  necessary  to 
recognize  a  certain  unifying  or  synthetic  activity  in  order  to  ac- 
count for  the  way  in  which  sensations  combine  to  form  the  ''  pres- 
entations of  sense  ;  "  such  unifying  activity  seems  plainly  to  imply 
the  existence  of  a  unit-being,  the  so-called  Mind.  Further  argu- 
ments in  the  same  direction  came  to  light  as  the  phenomena  of  the 
mind  in  memory,  voluntary  attention,  and  judgment  were  brought 
under  examination.  More  recently  still,  an  examination  of  the 
factors  of  self-consciousness,  from  the  more  purely  introspective 
point  of  view,  has  confirmed  the  same  opinion.  In  this  connection 
we  may  add,  finally,  the  argument  for  the  existence  of  the  mind  as 
a  real  unit-being,  which  has  been  so  forcefully  urged  by  one  of  the 
greatest  of  modem  psychologists  (Lotze).  The  mind  is  a  real  unit- 
being,  not  simply  because  it  appears  to  itself  to  be  such,  but  chiefly 
because  it  appears  to  itself  at  all.  Granted  that  all  that  which 
only  appears  to  another  may  be  mere  seeming,  it  still  remains  indis- 
putable that  somewhat  appears.  The  somewhat  which  merely  ap- 
pears may  be  really  many  when  it  appears  as  one  ;  this  happens, 
in  some  sort,  in  the  case  of  all  '*  Tilings  "  which  appear  many  or 
one  according  to  the  way  we  consider  them.  But  how  can  that  to 
which  all  else  appears,  whether  as  one  or  as  many,  and  that  which 
also  appears  to  itself — whether  it  appear  to  itself  as  one  or  as  many 
— really  be  other  than  one,  in  the  highest  sense  of  the  word  unity  ? 
No  twisting  of  imagination,  or  subtlety  of  argument,  can  show  how 
a  mind  not  really  one  could  appear  to  itself  at  all ;  or  break  the 
strength  of  the  conviction  inwrought  into  the  very  structure  of 
human  self-consciousness,  that  the  real  and  spiritual  being,  which 
we  coll  Mind,  is  not  a  fortunate  confluence  or  phenomenal  centre 
of  changing  modes,  but  a  unit-being,  and  a  reason  of  all  unity  in 
whatever  becomes  the  object  of  its  thought. 

§  16.  As  to  the  first  and  last  things  of  the  "Mind — its  origin  and 
destiny,  its  mortality  or  corruptibility — Physiological  Psychology 
finds  itself  unable  to  pronounce.  It  cannot,  indeed,  explain  the  en- 
tire being  of  the  mind  as  arising  out  of  the  development  of  the 
physical  germ  from  which  the  bodily  members  unfold  themselves. 
It  knows  no  decisive  reason  against  the  beUef  that  such  a  non- 


688  THE  UNITY  OF  lOND. 

material  and  real  umi-being,  as  the  mind  ia,  shoiild  exist  in  oUmt 
relations  than  those  which  it  sustains  at  present  to  the  stmctore  of 
the  brain.  On  the  contrary,  it  discloses  certain  phenomena  which 
at  least  suggest,  and  perhaps  confirm,  the  possibility  of  sach  exist- 
ence for  the  Mind.  But,  in  general,  if  it  remain  faithful  to  its  own 
mission,  within  its  own  limits,  it  entrusts  the  fall  ecMisideration  of 
these  questions,  after  it  has  cleared  the  way  from  barriers  of  igno- 
rance and  prejudice,  to  Bational  F^chology,  to  Kthics^  to  Meti- 
physics,  and  to  Theology. 
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ism, 215  1 

Nerves,  structure  of,  88  f . ;  general  func- 
tion of,  47  1,  54,  59  1,  100  1  ;  excita- 
biUty  of,  47,  106 1,  853  f.;  conductivity 
of,  47,  60,  102-132,  1181,  130;  kinds 
of,  51  1,  60,  853  f.;  afferent,  52  1, 120 ; 
efferent.  53 1,  130;  the  cranial,  100 1 ; 
the  encephalic,  100  f. ;  exhaustion  of, 
1081;  mechanical  properties  of,  100; 
thermic  influences  upon,  110  1;  chemi- 
cal influences  on.  111 ;  processes  in, 
1171;  specific  energy  of,  800  1,  807  1. 
8581 

Nervous  Matter,  kinds  of,  23 1 ;  specific 
gravity  of,  83 1 


Nervous  System,  a  maehaDiim.  4  1, 191, 
1981,  314  1,333  1.8361;g«neral fnno- 
tion  of,  18 1,  57,  319 1;  elemenU  ot  31 
1,801, 2161;  chemistry  ot  31  f.,8171; 
cells  and  fibres  in,  80 1;  structure  of, 
56-101 ;  plan  of,  57  1,  319  1  ;  leU  of 
organs  in,  59 1;  the  sympathetio,  60 1; 
the  oerebro-spinal,  601;  development 
of  the,  198 1;  inertia  sf,  478 1 

Neudein,  34 1 

Neuroglia,  nature  of,  81  f . 

Neurokeratin,  34 

Noihnagd,  on  striate  bodies,  159;  fine- 
ness of  temperature-sense,  869 1 

Nuclei  of  nerve-cells,  48 ;  of  the  medulla, 
78;  of  the  corpus  striatum,  86,  88,  90, 
159 ;  of  the  tegmentum  (red  nuoleusX 
88,89 

Nystagmus,  153 1 

Oliybs,  the,  75,  78 ;  functions  of,  150 

Optic  Thalami,  position  of,  86  1;  struct- 
ure of,  89 1;  connections  of,  90, 137 1; 
cells  snd  fibres  of,  90 ;  paths  in,  189 ; 
functions  of,  158  f . ;  development  of, 
3061 

Organ  of  Corti,  193  1 

Organs,  kinds  in  nervous  system,  59 1 ; 
the  central,  60,  78  1 ;  functions  of, 
180 1,  334 1 

Ott,  on  centre  of  temperature,  161 

Pacini,  corpuscles  of,  169 

Paneth,  on  excitation  of  cerebral  cortex, 
3601 

PapillaB,  ciroumvallatn,  166  1;  fungi- 
formes,  166  f. 

Peduncles,  of  the  cerebellum,  79 ;  of  the 
cerebrum,  83,  87  1,  97  1 

Perception,  nature  of,  383  1,  463 1,  467, 
588  1;  nativistic  and  empiristic  the- 
ories of,  889  1;  by  smell,  403  1;  taste, 
408;  hearing,  403  1;  touch,  406  1;  of 
motion.  411  1,  452  1;  by  temperature, 
413  1;  of  sight,  421  1,  440  1,  448  1; 
of  depth,  441  1,  459,  404;  of  spatial 
relations,  448  1,  464  1;  development 
of,  463  1;  physical  basis  of,  538  f. 

PflUger,  Uble  from.  113;  law  of.  118  1, 
115 ;  on  reflexes  of  the  cord,  137  f. 

Physiological  Psychology,  definition  of, 
1  1,  4  1;  combines  two  sciences,  A  f ; 
divisions  of,  8  1;  method  of,  9  1,  13, 
683 ;  claims  of,  18 ;  suoosiMa  of,  8041, 
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ia,  428, 4811;  rini^  and  douUa  imagM 
111,434  1,  488  f.;  ■ienoaoopio  and  per- 
■pediTe,  440 1 ;  Moondary  helps  of,  443 
1,4551 

Brnell,  organs  of,  164 1 .  808  1;  nerve  of, 
165,810;  stunnlns  of.  165  1,  808  1, 
810;  sensations  of,  808  1;  kinds  of, 
810;  meainiement  of,  878  1;  peroep- 
tions\>f,  402 1 

fionl,  see  Mind 

Bound,  analysis  of,  106  1,  834;  sensa- 
tions of,  815  1,  870  1;  kinds  of,  316 ; 
nature  of  the  mosioal,  816  1;  limits  of,. 
317,371  1;  ''entotic,*'4U81;  direction 
of,  404 

Spinel  oord,  membiranesof,  61  1;  straot- 
««  of,  64  1, 143,  207 ;  fissures  of,  64 1 ; 
oolomns  of,  66,  67, 125  1 ;  commissures 
ol  66 ;  horns  of,  67 ;  white  sabstanoe 
of,  68;  nerve-fibres  in,  68  1,  128  1; 
gray  sabstanoe  of,  69 1 ;  nervous  tracts 
in,  71  1,  123  1;  ss  meohaniim,  73,  122, 
138  f.,  144;  nerves  from,  100 1;  nervous 
processes  in,  122, 134 1 ;  roots  of,  123 1, 
207;  ss  a  central  organ,  133  1,  138  1; 
automatism,  138  1;  **  centres  "  of,  140 
1;  excitability  ss  a  whole,  141 1;  *^  les- 
thesodic**  and  ''kinesodio,'*  142;  in- 
fluence of  brain  on,  143  1;  develop- 
ment of,  207 

Stimulus,  kinds  of,  48;  heat  as,  110  1; 
electricity  as.  Ill  1,  312  1;  of  smell, 
165  1,  308  1,  876  1;  of  taste,  311  1, 
3761;  of  hearing,  315,  370  1;  of  sight, 
825  1,  328  1,  373  1;  measurement  of, 
359 1,  3671;  limits  of,  362  1,  367  1 

Strabismus,  153  1 

Strieker,  on  common  feeling,  513 

Stumpf,  on  judgment  of  tone,  320 

Substantia  gelatinosa,  69 

Substantia  nigra,  87 

Sulci,  of  the  cerebrum,  84,  01,  92  1;  de- 
velopment of,  210 

Sully,  on  tone  of  feeling,  511 

Suspensory  ligament,  173;  function  of, 
1771 

Sympathetic  System,  structure  of,  60  1 

Talbot,  the  principle  of,  473 

Taste,  end- organs  of,  166  f.,  313 ;  nerve 
of,  168,  314;  sensations  of,  311  f., 
376  f. ;  stimulus  of,  312 1  ;  kinds  of, 
814 ;  measurement  of,  376  1 ;  percep> 
tions  of,  408  1 


Tegmentum,  see  Cmra  Cerebri 
Temperament,   theory    of,    575  1,  570; 

kinds  of,  575  1 ;   physioal  basis   of, 

579 
Temperature,  sensations  of,  344,  848 1, 

3691;  after-images  of,  851 1;  measure- 
ment of,  869 1 ;  sense  of  locality  by, 

4131 
Thalamen-oephalon,  208 
Things,  distinguished  from   sensations, 

&59  1,  882,  594 ;  resnlU  of  mental  syn- 
. thesis,  594  1,  609  ;  unity  of,  6091 
Thudichum,  on  chemistry  of  brain,  27 
Tischer,  on  Weber's  law,  873 
Tones,  the  musical,  816 ;  pitch  of,  817  f .; 

table  of,  818;    sensitiveness  to,   319, 

370 1 ;  purity  of,  319  f.  ;  judgments  of, 

330;  reUitionsof,8321 
Touch,  kinds  of,  168,  345 1 ;  end-organs 

of,  1681 ;  sensations  of,  345  1,  3671; 

perceptions  of,  405  1;  the  field  of,  406 

1,4161 
Trautscholdt,   reaction-time  of  complex 

processes,  491  f.;  on  effect  of  practice, 

496 
TOrck,  method  of,   71 ;  on  columns  of 

cord,  136 
Tympanum,  the,  186  1  ;  membranes  of, 

186,  1881;  windows  of,   186;  muscles 

ol  187 ;  office  of,  187  1 
Tyndall,  on  stimulus  of  smell,  311  1 

Valentin,  on  nervous  excitation,  228  1 ; 
sensations  of  smell,  308  1  ;  of  taste, 
314,  377  1,  408 ;  on  sense  of  locality, 
406  1 ;  f  nsion  of  nervous  shocks,  472 

Valli,  principle  of,  107 

Vestibule,  of  the  ear,  189 

Vierordt,  on  measurement  of  sensation, 
371  f . ;  localization  by  touch,  409  f . ; 
subjective  estimate  of  time,  488  1 

Vitreous  Humor,  the,  178 

Volkmann.  A.  W.,  on  measurement  of 
sound,  371  ;  of  light,  374 ;  of  length  of 
lines,  376 ;  on  sense  of  locality,  407 

Volkmann  von  Volkmar,  on  motifs  of 
monocular  vision,  420;  nature  of  feel- 
ing, 5a3 

Volta,  on  electrical  taste,  313  1 

Von  (Sudden,  on  optic  chiasm,  390 

Von  KricB.  on  the  number  of  colors,  332 ; 
on  theories  of  color-sensations,  341  1; 
sense  of  locality,  307 

Von  Kries  and  Auerbach,  on  sense  of 
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looaUty,  897 ;  xeMtUm-iime,  4!^,  tfl  f., 

487,496 
Von  Vintaohgan,  on  oondnoiUm  in  ntirvea, 

121 ;  zeaotion-time  for  moltiplying,  496 
Von  Wittioh,  onfosion  of  nerrona  ghoolrat 

472 ;  reacilon-time  of  taste,  478 
Vnlpian,  on  nerrona  fnnction,  54 ;  on  ex- 

dtafailiiy  of  oord,  142 ;  centres  of  the 

medollai  149 ;  and  oerebellnm,  164  1 

Waomxb  (H.  and  B.),  oorpoaolee  of,  170 ; 
on  measoremeni  of  brain-maas,  847; 
effect  of  fear,  518 

Waller,  method  of,  107  f. 

Weber,  R  H.,  on  temperatore-aeuationB, 
110,  847,  851;  smell,  808;  law  of,  865 
1,  868  f.,  874  f.,  878 1;  on  direction  of 
sound,  404 ;  perceptions  of  touch,  405 
1;  **  sensation-ciroles  *'  of,  406  1; 
measuring  power  of  the  eye,  458 


Wertheim,  on  dnetflitj  of  nenrea,  109 
Will,  effect  of,  on  bodily  motions,  528  1; 
phjrsiologieal  study  of,  585 1;  phyucal 
basis  of,  586  f.;  in  attention,  589 1 
Wnndt,  on  colomns  of  the  oord,  186;  on 
oerebeOnm,  158;  optio  thabmi,  1581: 
and  striate  bodies,  160;  meohaniesl 
tbeocy  of,  281  1;  kinds  of  taste,  8H; 
theory  of  oolor-Benaations,  841 ;  on  oom- 
plmnentazy  colons  ^^ ;  theory  of  apper- 
ception, 880,  589  1;  on  Weiber*s  law, 
881 ;  on  theories  of  perception,  889  f.; 
** sffimtion-cirdes,**  408 ;  Tisual  peroq>- 
tion,  422,  425  f.,  451;  Judgment  of 
distance,  488;  feelings  of  innervation, 
489,  451,  524;  payoho-physical  time, 
471,  477,  4881,  488,  496;  curreof  &d- 
ing,  514 ;  theory  of  temperament,  576  £ 

ZoNULB  of  Zinn,  178 
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